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FOREWORD

COPA is the acronym for the Committee on Professional Activities

Within ART. Tho responsibilities of CODA are two -fold: (1) to advise

the Technical Director of ART upon professional matters of general
interest to the professional staff; and (2) to act on matters affecting

the professional welfare of the staff COPA represents all junior and
mid-management level professional staff (CS-09 to CS-13). One_COPA

representative and one alternateare elected from each Technical Ated and

SOpport Function; COPA representatives meet monthly to discuss concerns'
and issues raised by the staff members.

One of the issues raised at a COPA meeting was the lack of infor-
mation about the work being done under the basic research program.
Because most research within ARI tends to be _applied and focused,

scientists within ART are not always aware of new developments in other

fiolds; information about the basic research program was seen to he

important in keeping staff members aware of the most_recent "state of

the art." In response to thiS concern; COPA (with the gupport.pf both

the director of the Basic Research program and the_Technical Director)

sponsored a colloquium on selected topics in behavioral science
research.

be Colloquium was held at ARI from_23 to 25 April 1980. Twenty

principal investigators on Basic Research contracts were invited to

attend and present their research findings. The oresehtationSWere
separated into five topic areas: _These area were: Computer-Based

Systems; Information ProcesSing; Loathing, Mototy and Transfer; Leader-

ship and Performance; and Issues and TrendS._ This ronort contains an

overview of each session written by the session chairperson and the

principal investigator's synopsis of his/her research.

M: JOHNSON
Tuchnicil Mroctor
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ARI Organization and Research Structure

ARI traces its lineage to Army research and application during
World War I and is a direct descendant of such activities dUting
World War II._ Inresponse to increasingly- complex research needs in

the behavioral and social sciences bythe Army AR: has grown accordingly;

find in October 1972; it was designated as the Army's developing agency .

for research and development efforts in the_behavioral and social sciences:_

A-field operating agency of the Deputy Chief of Staff for Personnel (DCSPER);

it is made up of civilian scientists - including psychologists, statisticians,

and computer specialists, military personnel; and appropriate administrative
and support personnel. The Institute is problem and product7oriented;

responding to and working with agencies and commands thtoughOUt the Army:
In addition to_the headquarters and research center in Alexandria; Virginia;

there_are the field units, each located at an Army installation; nine in the

United States and one in Europe; affiliated with the local Army command.

ART within the Army Research Community

ARI is the primary research organization in the Army for the human

component, excluding physiological and system specific research.

As the human component is involved in -all facets of the Arty activity

and systems at various stages of development, the ARI research program
is multi-faceted. Most Army research and development is hardware oriented,
following a more or less progressive sequence,; starting with basic' eSeatth

(designated as 6.1 funding) concerned with re-Sarch on theory; new technology

or to test concepts; progressing into exploratory development (designated as

6.2 funding) Which takes the basic research results and prototypes of alternate

system components or concepts to test their applicability; into advanced

development (designated as 6.3 funding) concerned with pilot testing sub-systems

or total systems. As the_ARI prograM is part of the overall Army research

Program, its effiartS are designated by the same phraseology (i.e. basic research,
exploratory development; and advanced development). However, because it dealS

With the human component; the analogy to the hardware development cycle may be

less than perfect, as much of the research, even at the exploratory and advanced

development stages is non system specific; In addition; to a much grea;_er degree

than hardware development; the process is iterative; with research in ,t particular

Area. of research moving up and down the research spectrum as conditiOnsdictate_._

One possible example woUld be basic research On Skill acquisition and measurement

of Army skills; and then_seleetiOn Atid testing oran applied expansion of the

concept as -part of a performance testing system; The progression; then, is

to start witlia need; develop and test concepts relevant to meeting that need

in the abstract (in a laboratory); test them in an Army'cdtitekt, and finally test

them as part of the system for which they are intended.

xi



The placement of basic research in the same organization as
exploratory and advanced deVelopment research is unusual within the
Department of Defense. This is a great advantage to both the basic
research investigator and the ARI scientist having technical oversight
responsibility. It increases the flow of basic research findings into
applied research and also the exchange of ideas between ARI and the
basic research institutions As almost all 6;1; basic research; is
performed through means of contractual efforts with organizations or
institutions external to ARI; the practical benefit to the Army of
the liaison to exploratory and advanced development through the
scientists doing the work isquite :ortant

Program Structure. ARI's current prova lies in the following
four areas: personnel and manpower; education and training; training
devices and simulation; and human factorS in training and operational
systems. As these titles imply; there is much ARI research that
interrelates across program lines. There is also much of it which
cuts across the boundaries of applications in systems-.

'The key point is that ARI research is along programmatic'lines; i.e.;
manpower; training; etc.; which cut across specific system considera-
tions. It isnot pr6ject based as is hardware; nor system engineered:
in the same sense as hardware projects are. The technology base is less
rigidly defined than that for hardWare; yet is taxed for systems equally;
if not more; complex. Research and development requests are often
entered at the 6.3; advanced development level; requiring research to
develop concepts or sub systems for the programmed_applieations. The
result is a need to maintain. research continuity through baf,ic and
exploratory development research balanced by a measure of flexibility.
In;basic efforts this means_ work among the_areas above continues; but
particular emphases among them may change from year to year as may be
the relative weight of given areas.

f2





KEYNOTE SPEAKER

Foreword

Dr. Orlansky addresses the issue of costeffective evaluation And
use of Department of Defense (DoD) sponsored research results. Dr.

Orlansky uses MO evaluation studies of the cost effectiveness of training
innovations as examples of how research has helped to solve people-

related problems in the DoD As part of his description of theSe training
research projects; Dr; Oriansky provides us with an excellent overview
of the purpose and function of Don sponsored research and'just hoW the
whole process works;

1



RESEARCH AND DEVELOPMENT ON TRAINING_
AND PERSONNEL IN THE DEPARTMENT OF DEFENSE

Jesse Orlansky
Tnstitute for Defense AnalySOS

Introduction

Dr; Arden L. Bement; Deputy Under sb-ctetaty of Defense Research and

Engineering (Research and Advanced Technology) told Congress early in

\larch 1980 that the continuing objective of the Science and Technology

Program of the Department of Defense is to "Maintain,a level of technological

supremacy which enables' the United StateS to develop, acquire and maintain

military capabilities needed for our national security" (Bement; 1980).

Three specific goals for this program in Fiscal Year 1981 are:

I; Provide real growth in the Technology Base (e.g.; precision-

'guided smart weapons that are more autonomous and more independent of

weather and battlefield environments).

2. Exploit the use of AdVanted Technology Developments (6.3A) for

more effective transition of technology to military systems (e.g.;
passive:infra-red search and track, Ada. common programming language,

active and passive_ seekers for anti-armor munitions; on-board oxygen

generating system for forward-based aircraft);

3. Expedite a selected set of technologies which are of prime

importance for protetting technological lead time (e. g.; very - highspeed

integrated circuits, directed energy; advanced materials; manufacturing

technology and embedded computer software technology).

Dr. Bement also told Congress that Training and Simulatien Technology

is one Of_13 selected areas in which there are major teChniCal_programs

for FiSeal Year 1981. Major efforts will he made to_improve_the technology

of simulators, computer -based instruction; computer-baSed voice recognition

and synthesis for training purposes; highly realistiCi_free play field

exercises using laser devices for shooting; scoring and immediate feedback

For training and the use of simulators for hands-on maintenance training;,

there will also he Increased efforts to adapt computer-based arcade

games and hand -held calculators to military training purposes (Bement;

1980, IT-1 to 11-6; ITT-18 to III-20).

The basic research programs (6.1) of the three services in Training

and Perspnnel Systems Technology for FY 1981, which supportthework_
bei*reported at this'theetingi are shown in Table 1. These programs

Ocreased by $2.7 M or about 17 percent compared to FY 1980; this is

about the average increase Toren Department of Defenseresearch programs

this year; (this increase is abont the increase shown by the

National Science. Foundation in the Behavioral and Social Sciences this

year);

14



Table 1

Basic Research (6.1) in Training and
Personnel Systems Technology Department of Defense, FY 1981

Army S4.0 M

Navy 7.3

Air Force 7.3

$18.6 M

The Department of Defense is not a research agency, per se,-such as
the National Science Foundation or the National Institutes of Health.
Rather, it supports basic research:and applied research in order to
improve its operations Table 2 shows funds- for the basic and applied
efforts of the Military Services in the area of training and personnel
in FY 1981 The mainpoint to note is that more funds are-needed to
develop and evaluate the uses to which new ideas can beput/6.26.4)
than to create the new ideas themselves(6.1). You could say either
that the creation of new ideas and knowledge is not.a major expense or
that the investment in new ideas leads to large additional costs to
develop and evaluate their results. EVen greater costs than those shown
here would be required for the procurement; operation and maintenance;
over their life times; of new systems that come into existence as a
result of some of the'new ideas that are generated by basic research;

Table 2 .

Research and Development Funds for Training and
Personnel Systems Technology, Department of Defense,

Activity Army Navy Air Force -

FY 1981

TOTAL
Dollars Percent

Research (6.1) $ 4.0 M $ 7.3 $ 7.3 M $ 18.6 M 8.2

Exploratory Develop-
ment (6.2)

20.2 12.2 25.2 57..6 25.4

Advanced Development 18.4 26.8 4.9 50.1 22.1
(6.3)

Engineering Develop-
ment (6.4)

11.8 75.7 13.2 100.7 p44.4

TOTAL $54.4 M $122.0 M $50.'6 M $227.0 M 100.1%



Table 3 shows the major objectives of the funds allocated to basic
and applied research in the area of training and personnel., These
objectives are stated by the DePartment of Defense when it requests funds
from Congress to support this work; About half of these funds go to
simulation and training devices; Total funds for training and personnel
have incensed over the past few years and their distribution within these
objective areas has remained relatively stable;

Table 3

Objectives of the Training and Personnel Systems Technology
Program (6.1-6.4) of the Department of Defense

Major Objectives FY 78 FY 79 FY 80

Human Factors $ 28.2 M

Simulation & Training Devices 60.3

Education & Training 24.1

Manpower & Personnel . 10.1

$ 25.5 M $ 33.1 M 18.5%

65.1 96.2 53.7

26.7 24.1

18.3 25.5 14.3

TOTAL $122.7 M $135.4 M $178.9' M 100:0%

Let us turn next to the importance of personnel in ehe DoD's_budget.
Thereare 2,059,000 military and 990.000civilian personnel in the DoD,
FY 1981. The costs of manpower in FY 1981 are $77.1 billion or 49 percent
of the total. military budget ($158.7 billion) (Brown, 1980, O. 263).
About 356,000 new recruits are added each year; about 30 percent of these
recruits fail to complete their initial enlistment (i.e., are lost within
3 years FY 1978 data); only about 37 percent reenlist for a second term
(Military Manpower Training Report, 1979).

Enlisted personnel are lost at various points during a recruit's first
term of enlistment as shown in Table 4. Consideration of, these data should
suggest prohlems_of interest to research personnel concerned with, e.g.,
selection,_ training, manpower, personnel management and morale; these
appear to he the areas in which different problems appear to be dominant as
ajecruit progresses during his first term.

5
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Table 4

Accession, Attrition and Re-enlistment Rates
fn the Department of Defense; 1980

Months of Marine Air DoD
Service Army Navy Corps Force Total

ACCESSIONS 156,000
(projection FY 1980)

87,700 39,800 69,000 353,200

ATTRITION
(actual FY 78+FY 79) 0-6 mos. 12% 12' 13% 10' 12%

(actual FY 78+FY 79) 0-11 18 15 17 15 16

(projection FY 1979) 0-36 31 30 30 27 30

1ST RE- ENLISTMENT 43Z 37% 19% 38% 37Z

(2-6 yrs) (63;800)

RE-ENLISTMENT CAREERIST 66 62 52 81 687

(actual FY 1979) (2nd,

re-enlistment
or more)

(117,300)

TOTAL 56 47 33 60 53%
(181,300)

SOURCE: AVF data base, ASD (MRA&L), 20 **arch 1980.

The Department of Defense spends about $7.6 billion each year for various
types of individual training (see Table 5). To a large_ extent,_ this is what it
costs to train the new people who_are added to the Services eachyear. 'However,

these are only the costs of training personnel at schools; these costs are
known because they appear in various budgets. The costs of other types of
training are not included here; e.g.; on-the-lob training, advanced flight training
for pilots; transition flight training, crew and unit training for weapons,
platforms and support systems, field exercises and so on; These types of training
activities occur in operational commands after an individual has completed school
training,: These costs of training within operational_ commands are clearly very
large but there is no way at present to determine their actual magnitudes. .

17



Table 5

NUMBER OF STUDENTS AND COST OF VARIOUS TYPES
OF INDIVIDUAL TRAINING; FY 1980

Type of Training NuMber of Students Cost
(Input; 000)

Recruit 326 652 M

,One-station unit training 115 274 11

(Army)

Officer acquisition 4 254 N

Specialized skill 429 1;838 M

_Undergraduate flight 6 828 M

Professional development
education 31 298 M

Medical training 16 205 M

Support; mgmt, travel 3;268 M

$7,617 M.



Let me turn now to the problem of evaluating the products of research..
The general question is whether it is possible to assess'what research on
trainirkg and personnel can do or has done to help Solve problems related
to peolile in the Department of Defense. T cannot do this for all types of
research on training and personnel. However; 1. can describe what was done
in two specific areas of military training..

The genesis of this effort was a report of the Defense Science Board
(1976), an advisory group to the Under Secretary of Defense for Research
and Engineering. The report found that research and development had
produced important innovations in training and that military training
appeared to he effective. However; very little had.been done to determine
the cost and effectiveness of these innovations in training. As a result
of this finding; studies were performed on the cost-effectiveness of
flight stmnlators and the cost-effectiveness of computer-based instruction
in military training (Orlanskv and String; 1977, 1979). These studies
will he Summarized briefly because of their inherent interest and because
of the clues they provide for future research in training, simulation
and training devices.

Flight Simulator Studies

The Military Services have markedly increased_their_use of flight
simnlators_since the oil boycott of 1973 and the large increases in
the cost of fuel for aircraft. Tt turns out the flight simulators are
much less expensive to use than_are aircraft. Based on some data-we Were..
able to collect, the median variable operating cost of simulators is about
12 percent of that for the same aircraft (see Figure 1). The real
question, therefore, is how simulators compare to aircraft when used for
training pilots.

In order to answer that question, we used the Transfer Effectiveness
Rat LO, proposed by Stanley Roscoe (1971). TheTransfer Effectiveness
Ratio compares the amount of flight time saved to the amount of time
spent in the simulator as'follows:

Transfer Effectiveness Ratio = Yo Yx
X

Where: Yo = Aircraft time; control

Yx = Aircraft time, experimental

X = Simulator time, experimental

We found 22 studies which provided data on the time needed to train
pilots in aircraft after having been trained in flight simulators as
compared to training only in aircraft. These studies produced. the 34
data points shown in Table 6; the median Transfer Effectiveness Ratib is
9:48: These data show that pilots trained in simulators learn faster_in
the air than those trained only in aircraft. The amount of time saved
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in the air is about half the time spent in the simulator; There is; however;
a very wide range in the Transfer. Effectiveness Ratios that have been re-.
ported: from -0.4 to 1.9.
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S
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4

oL
0

Table 6

Transfer Effectiveness Ratios_
22 Studies (1967-1977)

N=34 TERS

Median=0.48
+

- 0 0--
to

40-0 t * *1 9

_i _____I_

----e-

i _
j".. 1.4

T_d_. Ain. I

o o
1

e
"=_I_

o 10 0 0. 1 0.2 0 3 0.4 0 5 0 ;6 0 7 0.8 0 9 1.0 1-1

Transfer Effectiveness Ratio

1.2

According,to a recent study by Holman (1979); the Transfer Effectiveness
Ratios fbr 24 different maneuvers in the CH-47 flight simulator varied from
.00 to 2.8 (see Table 7);

In general; we can say the following: simulator§ can be operated at about
12 percent of the cost of operating aircraft; they save about 50 percent of
aircraft time .Therefore, flight simulators are cost-effective for training
pilots. They remain cost-effective provided pilots do not take more than 8
times as much time in the simulator as It would take to train on some task

I .' -qua
100 percent). Economic studies show that the cost of procuring a simulator
can be amortized in two years. (the Navy P-3C and the Coast Guard HH-52A/HH-3F);
a commercial airline amortizes its simulators in nine months.
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Table

TRANSFER EFFECTfVENESS RATIOS FOR 24 MANEUVERS
CH-47 FLIGHT SIMULATOR [Trials to Criterion]

MANEUVER TER

Four Wheel taxi 2;80

Cockpit run up 1;5b

SAS off flight 1.33

Deceleration 1.25

Maximum take off 1;25

General air work 1;00

Steep approadh 1.00
Two wheel taxi 1;00

Confined area recon 1;00

Hovering flight .;79

Normal take off 75
Confined area approach ;75

Landing from hover ;69

External load briefing 67
Take off to hover .63

Traffic pattern ;61

Shallow approadh '.58

Normal approadh ;53

Confined area take off ;50

External load take off .50

External load approach .50

Pinnacle radon .50

Pinnacle take off .33

Pinnacle approach .00

Source: Holman, 1979



Computor-46god Instruction Studies

Before drawing any lessons for fUtUre research from these findings;
let us briefly consider computer -bged instruction for military training:
There are four possible methods of instruction: conventional instruction,
individualized instruction; computer- assisted instruction (CAI); and
computer-managed instruction (CMI); each has been used somewhere in the
Department of Defense

There have been about 30 StUdies_ef CAI and CMI in military training
since 1968. The courses taught in theSe studies are shown in Table
8. Each study provides data on student performance with conventional
instruction and either CAT or CMI; a few studies also provide data on
Self-paced instruction without computer support.

Tabl6 8

Courses Used In Various Studies of CAI and CMI

Number of

ICourses CAI CMI

Basic electronics 15
Electricity 5
Machinist 2
Training materials development 1
Recipe conversion '2

Aircraft paneI.dperation 1
Medical assistant 4
Vehicle repair
Weather 1

1--T-aet-i-ealcoo ell r a
Fite control tedhnician
AViatiOn famiflarization 2
AViation_medhanical fundamentals 2
InVentbry management
Materiel faCilities 1
Ptetiidn measuring equipment 1 -

weapoil medhanic 1

LTotaI___40_,



Table 9 shows student achievement at school with CAI or CMI; compared
to conventional instruction. Compared to conventional instructioni,student
achievement is the same or slightly better with CAI or CMI. The small
differences found sometimes in favor of CAI or CMI are statistically
significant but are not thought to have any practical significance.

Students using CAI or. CMI save part of the time required to complete
the ,same-courses with conventional instruction; the median value is about
3Q percent (see Table 10)._ There is a very wide range in the amounts of
time saved: from -31_to 89 percent. The a-:ounts cf time saved by CAI and
QM cannot be compared.directly because there is no case where the same
Course was used for CAI and CMI.
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Table,

Student Achievement at School for CAI and;CMIi Compared to Conventional Instruction, in Military Training) ,

Mothod of

firifruction

.

,

.

cAl

fiv4t0M

......

IBM 150)

. ... ...

PLATO IV

LTS-3

TICCIT

IDMoM

PLATO ,IV

Navy CM!

Service

.... ..

A

N

A

N

N

N

AF

AF

AF

AF

N

N

.

N

Location

Signal C&S

San Di*

Aberdeen

San Diego

San Diego

North island

Sheppard

Chanute

Keesler

Keesler

North Island

Din Neck

Pin Neck

Student Athlevement

(compared

instruction

inferior

to conventIon0

3ame

at School

TitWeriii: rye of training References

.

. .

:.

--,---

we

ses.

1$

111

Ili

ow

is

.

of

oil

erne

0101

i

so

BleCtronics

Electricity

Machinist

Electronics

.

Recipe conversion

A/C panel operator

Medical assistant.

Vehicle repair

Electronics

Weather

Tactical co-ord.

(g-3A)

Fire control

technician

Fire control

technician

IRM.(1968LLongo,(1969, 1972)

Ginntl 6 LonO (1971)

Ford & Slough (JM), Huriock &

Lahey (1971, 1972), Ford, Slough

et al. (1972) - _.

...,

I

U.S. Army Ordnance Center and

School (1975)

Stern (1975); Eahey, Crawford et

al. (1976); Slough 6 Coady

(h61;)
FrederiekSAI Hoover-Rice (1977)

Crawford ; Hurlocket al. (1976)

Steinkerchner, Deignan et al.

(1977), Deignan & Duncan (877)

Dallman, De Lea et al. (1977)

. ...

Harris, Grossherg et a1--(1972);

Keesler AFB (1172; 1973)_

Downs, Johnson 6t fl: (1972)

Walker (1978)

General Electric Ordnance Systems

(1975), Radsken & Crosson (1975)

.

General Electric Ordnance Systems

(1975), Radsken 6 Crosson (1975)

Total 1 24 15

N

tI

AF

AF

P

AF

Memphis

Memphis

tAlwrf

Lowry

L6WrY

Lowry

Total 0

SO

Ile

I

8

Aviation

familiarization

Av. mech. -

ftindamentals

-606toil--111gMt-7---

Materiel _

facilitien

nPrecmasurig

Weapons mechanic

Carson, Graham et al: (1975)

_

Chtgoh; Graham et al. (1975)

arithprortp--------
Brieling (1978)

97S)Briellng (1A

Brieling (1978)

------10,
1M

-
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0 Table 10

Amount of Student Time Saved in Courses Given by CAI and CMI; Compared to Conventional

Instruction; in Military Training

Met hod nf

instruction

.

CAI

System Service Location

-Student

(compared

Time Savings
S'\.

to conventional instruction
Type of training

References

IBM 1500

PLATO IV

CIS -3

TICCIT

IDMOM

PLATO IV

A

N

A

N

N

N

AF

AF

AF

AF

N

N

Signal C &S

San Diego

Aberdeen

San Diego

San Diego

North Island

Sheppard

Chanute

KeeSler

Keeler

North Island

Dam Neck

Dam Neck

II . il il

II

a

of

I

il

Ise 0

oto

I

i

VI

se

Electronics

Electricity

Machinist

Electronics

Recipe conversion

AIC panel operator

Medical assistant

Vehicle repair

Electronics

Weather N:,

Tactical co-ord,

(S-3A)

Fire control

technician

Fire control

teihnician

IBM (1968); Lotigo (1969, 1972),

Giunti 6 Longo (1971)

Ford 6 Slough (1970); Hurlock &

Li* (1974972); Potd; Slough

et, a1; (1972) _:

U.S. Army Ordnance Center and

School (1975)

Stern (1975)',, laheyi Crawford et

al, (1976); Slough 6 Coady

_ (copal.). _ _. .......

Frederickli Hoover-Rice (1977)

Crawford, Nurlock t al, (1976)

Steinkerchner, Deipan et al..__.

(1977), Deignan 61Duncan (1977)

Dallman, De Lea et al, (1977)

Harris; Grossberg et al, (1972),

Wier AFB (1912; 1913)

Downs, Johnson et al, (1912)

Walker (1978)

!-

General Electric Ordnance Systems'

(1975);,Radsken 6 Ciossos (1975)

Generalllectric Ordnance Systems.

(1975), RadSkOo & Crosson (1975)

CMI

Navy, CMI

AIS

N

N

AF

AF

AF

AF

Memphis '

Mdtp4iS

Lowry

Lowry

Lowry

C6i.ity

-40

I

-20

I

0

i

A

20

I

I --1_

GO

Of

60

of

,

80

i

A00

Aviation

familiarization

Av. mech,

fUndamestals

Inventory mgmt,

Materiel

facilities

Precoeasoring

eqPt. .

WeSpons mechanic

nO cent

Carson, Graham et al. (1975)

Carson, Graham et al, (1975)

,l,

hieing (1978)

-Brieling ,(1978)

hiding (1978)
.

Brieling (1978)
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There are a few studies where a course wat, given_three ways: by con-.
ventional instruction, individualized instruction without computer support,
and either CAI or CMI. Individualized instruction without computer-
support saves student time as can be seen in Table 11; adding computer-
support to these courses does not save much more student time.

Table 11

Amount of Student Time Saved, Compared to Conventional Instruction,
by Individualized Instruction and by CAI or CMI

on the Same Courses

Method of
instruction Course System

Milling PLATO TV

CAI

CMI

Lathe

Training
methods

PLATO IV

PLATO IV

Circuits LTS-3

Circuits LTS-3

Aindividnalized

Aviation
NAVY CM'

familtartiation

Aviation
familiarization

.Aviation mech.
fund.

Aviation mech.
i fund.

Inventory
management

Materiel _

faCiIitieS

Weapons
mechanic

NAVY CMI

NAVY CMI

NAVY CMI

AIS

AIS

AIS

CAI/CMT Roforonet,

(1975)

L

A_ itArm

AO

C&S

Army C&S

Army CbS 1

Keesler (1

Keesler (1

Carson_et
(1975)

Carson et
ila (1975)

06.
Carson et

(1975)

Carson et
(1975)

AIS (1978)

AIS (1978)

OA AIS (1978)

20 40 ....,

Time savings compared to conventional instruction
percent

1975)

1975)

972)

74)

al.

al

al.

Four courses were given by computer- managed instruction for about -four
years at Lowry Air Force Base (using the Advanced Instructional System or
AIS); Figure 2 shows that attrition increased in these courses over this
period; However; student attrition for academic reasons also increased at
the same time in all courses at Lowry AFB. No effort has been made so far
to determine how much of the increased.attrition is due to the introduction
of computer-managed instruction and how much may be attributed to changes
in student quality;
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These studies also show generally that students are favorable to CAT

and CMI: th instructors do not favor CAT or CMT (Table 12).

Table 12

Attitudes of Students and Instructors Cowering CAI
or CMI to COnventional Instruction in Military Training

Attitude to CAI/CMI Students -Instructors_
CAI 041_1 Icki CNiI

Favorable 29
No difference 1

Unfavorable 1

No report 1

4
27

TOTAL 32 8 32

4a
4

Note. All data are number of reports.

a
Favorable to CMI at firsti changing to unfavorable by end Of study

The costs of instruction include cast for the, procurement of.
hardware, software and. courseware; and for instructors; students;
Materials; and management. We found only limited amounts of data
on the costs of some of the resources needed for instruction
(see table 13).

18



.Table 13

Number of Sources of Data on Costs of Instruction

R,,ourcv ((vv.. or loner dun)

Pregram development
Program design
Instructional materials: Conventional instruction.

Individualized instruction
Programming
First unit production('

Computer-based instruction
Programming
COding:

Program delivery_
Instrnction: Instructors

Instructional support personneld
Equipment and orvices:c Laboratory (Incl. simulators)

Media devices
Computer systems
Communications

materials (incl. vonsumahles)f

Progr.tm rxmagement and administration
Student personnel: Pay and - allowances.

Others (PCS; TDY; etc:)1

Nffif.: Shaded cell,: are not applicable. Blank cells -indicate

Conventional
instruction

. .

Method al-timt-ruc-t
Individualized
instruction

.

ion-
Cosviter -based

PLATO IV
. _....

!nstruction
Navy CM! Othern

-....

a. \ ..... N ''''

'S, 2

h- N\,:_
_.

__- ______ __ _

----- _ __, _

_ _ _ . ..

that relevant cost data are not available.

a
Includes TICCIT; IBM 1500; LTS-3; GETS; and an experimental shipboard system.

includes revision.

Master copy. .

All direct personnel not Included In other categories.

IncIndes all hardware related costs: initial (including installation and checkout), modification. and replactment:
operatinn and maintenance: lease an-d user fees:. computer system software! etc.

.includes copies of Instructionarmaterials.(hooks,.courseware voples, etc.)

Structres, fixtnres, and furniShings.
h L.teratory equipment_and media devices are applicable to all mvrhods nf Instrnction (except where simulated in CAI
--tems). and there is no reason why costs of their use would differ with method of instruction,

1-
Pormauvot.enanj,!, of station, temporary duty.

As can be seen in Table 14, hardware costs alone for some current
systems can vary about $35,000- for a single, stand-alone CAI terminal to
over $10 M for a system with 1000 terminals. On a per-student hour basis,
the latter would be less expensive than the $35,000 stand-alone terminal,
provided, of course, that there were enough students to keep' all 1000
terminals_busy 2000 hours per week for five years. Using the same 'basis
of compariSon, CMI systems are much less, expensive than CAI systems..



Table 14

Costs of Computer Systems Hardware

Method of

instruction Computer system

Central System System

processor Terminal; hardware hardware cost

_cost' unit cost_ cost per terminal

(thousands) (thousands) (thousandS) (thousands)

System

hardware cost

per student-

hOUra

IBM 1500

32 terminalsb

PLATO IV

1,000 terminaIsc

CAI \TICCIT

\ 32 terminalse

\ 64. terminals

A128 terminals

GETS

lterminal

Navy CMI

CMI .6;000 studentsf_

16000 students8

$5,000 $ 5.7

760 2.9'

870 2.8

970 2.8

2,300 14.3.

2,300 14.3

$ 800 $25

10,700 11

850 27

1,050 16

1,330. 10

34 34

$2,49

1.484

2.66

1,64

1.04

3,40

4,020 34

6,880 22

0.07

0,04

2 000 hours per terminal per year for 5 years.

b

includes maintenance. Based on lease as and amortizing equipment over a 5-year period, 1967; 1972;

1977.

c

Control Data

d-
Based on 725

Corporation quotation; from private communication dated 14 AUgust 1978.

active terminal constraint.

e-

Hazeltine quotatio. , from private communication, 1978.

120 terminals at 50 students per terminal, 1971.

g320 terminals at 50 students per terminal; 1977;

i. L



Discussion

Taken together, these two studies clearly show that research related
to flight simulators and to computer-based instruction produced results
with significant benefits to military training.. Most of the support for
research and development in these two areas came from the Department of
Defense,_although other government agencies were also involved; e.g.;
NASA on flight, simulation; the National Science Foundation and the
National Institute of Education on computer-based instruction.

These studies also show that it is possible to evaluate the utility
of research; I assume that expenditures for research in some areas have
produced little or no useful results. Each of you may have your own
ideas of areas of research that should be on such a list.

To avoid_a risk of being misunderstood; I'd_like to emphasize that I
am talking about evaluating applied research and not basic research.
Support -of- studies in the basic research area is determined; presumably;
on the basis ofsuch criteria as the relevance of the work to the mission
of the Department_of Defense (i.e.; -the criterion specified by the
Mansfield Act);_the_competence_of the research team_to perform the
proposed_worki how. long it would take to complete the work and whether
the required funds are available. It is the responsibility of the basic
research groups in the Department of Defense; such as the Air_Force
Officeof_Scientific Research and the Office of Naval Research, to
identify basic research areas that are particularly relevant to the DoD
and to identify those research results which should be developed:and
used. That is not, -p-ers-a, the direct obligation of the people who do
the research.

Now, let's turn to some lessons for future research that may be
drawn from the two studies on flight training and computer-based instruc-
tion. I wish to use a short and highly relevant:list rather than a long
and inspiring one to which no one will pay any further attention.

Transfer of Training

What are the factors that influence the amount of. transfer of
training from the flight simulator to the airplane; I speculate that;
among other factors; the amount of transfer has to do with the nature of
the task being trained; the level of experience of the pilot; the per-
formance characteristics of the flight simulator and how performance is
measured in the simulator and in the aircraft;
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Visual Displays

What perceptual characteristics_are needed in visual displays of the
external world in flight simulators? A visual display, whether generated
by a computer or a model-board; it the most expensive component of a
modern flight simulator;_ it May cost from $0.5 M to $6.0 M and account
for one-third or more of the -cost of a flight simulator. The obvious
questions about such visual displays are how much and what types of
texture and detail are needed, how to measure the perceptual quality of

a display, and what should be its size, resolution, brightness; contrast
and color. _These are iTportant questions because each of these character-
istics can be translated_ into engineering specifications which; ultimately;
affect the cost and complexity of the visual component of a flight sim-
ulator.

Student Time Savings

What factors can explain the different amounts of student time
savings found in studies of computer-based instruction?

Performance at- b_

What is the relationship between student achievement at school and
performance on the job? This question applies to all methods of instruction.
I did not mention previously that test scores at school were used as the

basis of comparison in all the research that compared computer- based-

instruction to conventional instruction; My general impression is that
military training is.intended to prepare peisonnel to perform some job
in the field and only incidentally to pass some test at school. Research_

on the effectiveness of various methods of instruction has been conducted,

so far, on tile basis of convenience and not particularly on the basis of

relevance to military training;

Studaft_t_kr_ition

Does computer-based instruction really, increase student attrition?

Instructor's Attitudes

What steps, if any, could be taken to improve instructors' attitudes
to computer-based instruction. This question may invite more applied

than basic research. Nevertheless, it is offered as a suggestion to
those concerned with research on technological innovation, manpower
policy and morale.

3
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Computer-Based Systems

Beatrice Farr

The term Computer-Based Instruction (CBI) encompasses a broad
spectrum of activities -- including (but not limited to) computer-assisted

instruction (CAI) and computer-managed instruction (CMI). Students learn
by direct interaction with computer in CAT; whereas in CMI, students
typically learn from books and other sources; but;receive guidance and

tosting via the .computer.

Through its integrated -themes and in-house and contract programs, the

Army Research Institute has supported not only CAI and CMI projects, but

also more sophisticated efforts; ranging from artificial_intelligence
to computerized adaptive testing. Much of the emphasis haS been in on -line

interactive systems that permit personicomputer_communicationinrelativolv_.
unconstrained natural language. Army students have characteristically related
well to this form of instruction.. Current time-sharing cotputerS are not
only dependable and endlessly patient; but they have the added advantage

of being available to work art all hours and in all environments; However;

the computers' instrUction4 effectiveness is limited by the current
state-of-the-art with respedt_to the learning prottss. Therefore; much

of ART's research has included attempts to answer the questions of why
we learn; how we learn and how knowledge.is integrated inns coherent wholes.

It is not inaccurate to say that our computer -based instruction research

has dealt as much-with explring the learning process as with controlling it.

Although CBI has not t rned out to be the panacea that early devotees.
predicted; the problem doe not lie with computers, whose potential is
just beginning to be fully realized. Several trends of the 60's and 70's
have converged_to change-the outlook for the future: 1) there is now a
significant body of_knowledge_garnered from a variety of provocative
experiments and conducted both the private and military sectors; and
2) the amazing progress in computer technology, along with the steady down-

ward spiral of hardware costs has made computerized education look more

attractive. ARI is eple*itig the possibility of combining computers with

ether spatial data_management systms, to provide enhanced interactive
capabilitida_for military education; training and testing; The three
abstracts which follow represent a sampling of the computer-based instruction

efforts currently beingSupPorted;
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USES OFCOMPUTER-ASSISTED INSTRUCTION TN DEVELOPING

AND MAINTAINING PSYCHOMOTOR SKILLS

Jan Berkhbut
University of South Dakota

BACKGROUND

The University of South Dakota research program in psychomotor

training is based on three thebreticalsources. A primary concept has

been the segregation of psychomotor learning into_three discrete categories

comprising a) paired-event learning; b) integrated sequencesiof activity

(ISAs) and motor schemas and c) translation functions, These categories

have_evolved from distinctions first made by Welford (1976) and Stelmach

(1976: 1978), Which can be elaborated into_a systematic organization of

parallel, simultaneously available psychomOtor storage and execution

mechanisms.

Each Of these three major storage and execution systems has a unique

pattern of acquisition over time; of decay over time; and Of degradation

under_streSS. It is only by monitoring these acquisition, decay, and

degradation patterns that the relative contribution of each system to a

given skilled performance can be determined, It happens that the mechanism

mediating the formation of motor schemaS and integrated sequences of

activity is the one most amenable to computer_ mediated interactions with

the skill - acquisition processes tequired for heavy machinery operation.

_A second theoretical source of our comptiter7mediationprocedures is

D. H. Holding's description of the various possible formats in which

knowledge of results m,v be presented to a student (Holding; 1965).

Holding observed that the nature of such knowledge was an integtal

feature of any psychomotor training system Knowledge of results may be

either intrinsic or extrinsic-the extrinsic knowledge being artificial;

supplementary; and arbitrarily scalable. Ekttiti8it knowledge of results

may be concurrent or terminal; di§btet-e or cumulative; and immediate or

delayed; Each format has adVantageS,and disadvantages that must be

evaluated on a case-by-case baSiS.

The final source of our training interactions arises from the field

of biofeedback training; in WhiCh artificial displays of physiological

events are used to develop_VOlitiOnal control of the underlying physio-

logical mechanisms. The- biofeedback literature (Aldine Annuals; 197'.E

1977) is a rich source: of examples of studies in which the problems of

formatting and presenting supplemental displays during a training process

are dealt with; particularly the problem of weaning the experimental

subjects from reliance on suppletental or extrinsic displays; and establishing

a performance based entirely on intrinsic cues;
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PRIOR RESEARCH PROGRAM

Our experimental program to date has used a truck-transmission gear
shifting task as a "test bed" task which could be readily learned and
was readily scalable as to performance quality in several dimensions;
This task has been taught to several dozen groups of subjects using
different formats of extrinsic supplemental_ displays and different rates
of display updates (Phillips & Berkhout, 1978). We have found that con-
tinuously available analytic displays do enhance task acquisition; but
that these displays -in effect convert a portion of the learning task
into a tracking task. The process_of withdrawing the display then pro-
duces a substantial performance deficit. We also found that terminal
displays, both numerical and analytic, and both discrete_and cumulative;
were useful tools in initial training. _They_were also efficient aids in
re-establishing performance after a period of- several weeks of disuse.
As in most biofeedback environments, the displays were presented without
detailed instructions and did not incorporate discrete error messages.

The problem of withdrawing the supplementary knowledge of results is
a major one. Degraded, truncated or faded displays have proven to_be
very poor techniques for weaning students. Alternating- display and -no-
display conditions is more promising. While analytic displays may be
better training tools, numerical displays are more readily withdrawn.
After long periods of disuse, numerical scores are more efficient than
analytic displays in re-establishing original levels of performance.

The value of computer technology in preparing and presenting these
displays is pervasive and utAquitous. Even small amounts of calculating
and formatting capability have proven to be of value, although the more
power available,' the more sophisticated the displays can be. Computer
capability is also of value in storing historical data proyiding ready
comparisons between current performance, historical performance, and
reference group data for individuals or large trainee reference groups..
While extremely high fidelity task simulation and rapid response time
may be necessary for multi-crew interactive training; virtually any
small amount of computer capability can be used to advantage during the
stages of individual skill acquisition in a part-task simulation.

CURRENT RESEARCH PROGRAM

Current studies call for training all subjects to a certain criterion,
level of skill, with the time required to reach such levels being the
dependent variable. this seems to be more comparable to present military
training practice than our prior procedure of exposing all student's to
equal length's of training. As one aspect of our current program, we
Will continue to explore various formats of displays and withdrawal
procedures: Particular effort will be devoted to developing concurrent
displays which are compatible with ongoing tracking acoustic displays
for use during_this early part of training. Current work is similar to
our prior studies in general designi_but will carry the students to a
higher level of performance, and explore additional display formats.
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Our current program also includes a study of computer-managed in-
struction. The interaction of man and machine in a monitored simulator
generates enormous amounts of data about the students' performances, .

most of which is lost in present types of training since it cannot be
presented to the student in any meaningful way during the. process of
skill acquisition. While computer- assisted instruction - in which a
small portion, of thiq5'data is available to the student enhanCes the
learning process and'is more"`- cost-effective than live one-on-one instruc-
tion; it is possible that greater benefits could be provided by displaying
the available information to an instructor. Under a computer-managed
training system; the instructor can monitor several students simultaneously,
and can-examine much more information about the students performance
than they could digest themselves. The problems of formatting and
updating displays are similar to those encountered in the computer-
assisted environment. We intend to run training sessions in_which naive
subjects are drawn from the student pool, and given a limited_amount of
instruction in_ teaching the task at handi_rr.ther than performing it
themselves. These novice instructors will have a large amount of information
available to them and various ways of organizing and presenting it will
have to be developed.

_Proper CAI strategies may also facilitate -the integration of part
task into whole_task performance. We are exploring_the use_of the
computer as a timing and cueing_device;_to be used in bringing the
pacing and sequencing of learned subtasks under some form of control.
In thiS'appreach it is convenient to separate the -three mechanisms of-
psynomotor 'learning defined above, and break themindilOdually out of
the overall performance environment. Computer_ mediated ueing and
pacing instructions can serve to enhance paired-event responses and
limited schemas which may be embedded in a more elaborate learned sequence.
of motor outputs.
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THE DESIGN OF USER-COMPUTER GRAPHIC CONVERSATION

James D. Foley
George Washington University

Victor L. Wallace
University of Kansas

The subject of our research is interaction techniques for use with
computer graphics systems. Interaction techniques are employed by
graphics system users to convey commands and other information needed to

carry out the commands. There are a multitude of interaction techniques.
Each has some purpose, such as to specify a command, designate aposition;
or select a displayed Objective, and is implemented with some device,.
such as a tablet, joystick, keyboard, light pen; track ball; or potentiometer.
Typical techniques_are command selection from a menu using a light pen,
specifyirig a position using a tablet or joystick along with cursor
feedback on the screen, typing a numeric value on a keyboard; or designating

a displayed object with a light pen.

Interaction techniques and devices are an important part of the
user-computer_ interface. We all recognize; from our own experiences
with interactive computing (not necessarily with interactive graphics),

the costs of.poorly-designed interfaces; Coming in many forms, the
costs can include less than peak user productivity; user frustration,

increased' training costs; the need to redesign and reimplement the user
interface, etc. Specific experiments confirm that the costs are real.

How can we avoid these costs? Where can we turn for 'guidance? There

are three basic sources of information: experience - based guidelines,

experiments with interaction techniques; and traditional human-factors
texts;

Over the past ten years much experience-based lore has developed
concerning what makes interactive graphics systems easy (or hard) to
use; and concerning the pros and cons of various interaction devices and

techniques; Much of this lore has not found its way into the literature.
Furthermore, that portion of the lore which is found in the literature
is typically scattered amidst application descriptions. Only a few

writers have attempted to summarize their design philosophy or. their
accumulated knowledge and experience. These papers represent one source

of guidance;

A modest collection of experiments comparing different interaction

techniques has been undertaken, starting in the late 1960's. Some of

the experiments have been performed. -by computer scientists, others by

human factors specialists, and still others have been done collaboratively

by multi-disciplinary teams. The results of these experiments are often
useful, although generalizing beyond the specific circumstances of the

experiment can be difficult.
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The flnal source of guidance is the "traditional" human factors
texts; which typically_ concentrate on human capabilities and capacities;
auditory and_visual information presentation,. human control of systems
(not generally of computer systems), and arrangement of work spaces; A
few more contemporary texts give major consideration to computer issues.

The difficulty -with these sources of guidance is that they are
sometimes hard to locate, may be the jargon of experimental psychology,
and hardly ever use consistent terminology. Consequently; the designer
of an_interactive system must to a large degree rely primarily on personal
experiences, and on those of colleagues.

The intent of this research is to integrate; within a unified and
logical structure, asignificant and useful body of the experiential and
experimental conclusions drawn from these sources.

There appear to be six basic interactive tasks in an interactive
graphics dialogue. They are:

Select from a set of (displayed) options

POSitiOn a cursor or displayed entity

Orient a cursor or displayed entity

Path create a sequence of positions or. rientations
. ,

Quantify with a scalar

Text Input a character string

Each task can be implemented with any number of different techniques,
using many different devices. The techniques can be compared on the
basis of their speed of use; error rate; learning time, and fatigue
factor .(which is reflected in speed and errors).

Each of these comparison factors_has roots in the cognitive, motor,
and perceptual components of a_technique. To be able to precisely
-identify these components; we have_ developed technique diagrams, a way
to represent many of the_details of_a technique. The diagrams also have
proven useful in our study of experiments dealing with interaction
techniques.
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The results of this work will be:

A designer's handbook, describing the techniques and making
recommendations as to their effectiveness in various situations.

Recommendations for experimental investigations of certain
techniques.

Technique diagrams for the techniques and experiments;

A summary and critique of retevant experiments;
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COMPUTERIZED ADAPTIVE ACHIEVEMENT AND ABILITY TESTING.

C. Cade Kingsbury
David 3; Weiss

University of Minnesota

AdaptiVe Ab-tLity Testing

Placement of recruits for effective utilization of each person's

capabilities has been an important problem to_the military services, and

'considerable research has been directed toward accurately measuring each

recruit's abilities: Ability test batteries haVe been developed for this
purpose,: but until recently have been IiMited_in their usefulness because__

or the restrictions imposed by their naper-andEpentil mode of administratiorL.

However; the use of interactive computers to administer ability tests

has brought with it the promise, of improvements in the measurement of both

ability and achievement by utilizing:the capability of interactive tom-

Paters to dynamically adapt (or taildr) the test to the individual during

the process of testing. Early studies on computerized adaptive testing
(CAT) (Weiss; 1973, 1975, 1977; 1973) supported the predictions of more

precise measurements and a more efficient measurement process:

Given the availability of interactive computers for the adMinistration

of ability tests, there are many ways of adapting tests to the individual.

Thus; an important focus of this research is to evaluate the relative

Utility of a variety of adaptive testing strategies; Earlier studies

(Weiss; 1975) were primarily_ concerned with the comparison of these

strategies under perfect conditions by computer simulation, or in non-

military populations. _A recently completed study in a military recruit

population, howeveri showed consistently higher reliabilities and

validities for an adaptive test in comparison to a conventional test of

the type currently used in the ASVAB. The data showed; for example, that

an 11-item adaptive .test achieved the same validity as a 29-item conven-

tional test.

A second study was concerned with the. performance of adaptive

testing strategies under realistic conditions in which the test item

parameters_(e.g., difficulty; discrimination) had varying_degred§ of

error in them. The datashowed some differences in correlatibii§ of

estimated and true ability levels for adaptive testing strategies for

very short (107item)'tests; and virtually no difference§_fOr_30 item

tests. In addition;even when the adaptive tests were administered with

error -laden item parameters; their validities were consistently higher__

than those of conventional tests with errorfree item parameters: Taken

together; these two studies' support the higher validities of adaptive

over'conventionaI tests under realistic testing conditions.
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.Adaptivc Achievement Testing

The second focus of the research program is the adaptive measurement
of individual achievement within an instructional setting. Two applications
or adaptive testing technology to the measurement of achievement are
currently being investigated: 1) the use of an Adaptive Mastery Testing
technique to make educational decisions; and 2) the deveIopffient of a
procedure for Self-Referenced Testing to measure individual growth in
achievement. :

Adaptive Mastery Testing (AMT). The AMT procedure (Kingsbury & Weiss;
1979) is designed to allow-decisions to be made concerning an individual's
current achievement level; relative. to some fixed criterion levels) for
desired performance (i.e.; mastery levels or grading standards); By ex.-

pressing the usual percentage correct mastery levels in terms of the
. achievement continuum used in item characteristic curve (ICC) theory; CAT
procedures may be used to quickly and accurately determine whether
an individual passes or fails to pass the criterion levels.

The efficiency of the AMT procedure has been investigated in both
real data and monte carlo,simulaf:ions which have shown the AMT procedure
to be effective in reducing test length by 30.4 to 61.3 percent using
a real item pool; while obtaining the same decision as a conventional
test_for.89.4 to 98.5 percent of the examinee population. .Using an
artificially_ constructed item pool and simulated examinees, the AMT
procedure_ reduced the conventional test length_by 13 to 53 percent;
while making the correct decision more often than the conventional test.

__Self-Referenced.Testing (SRT). SRT refers to the measurement_of
individual growth in achievement during a course of_instruction by
measuring an individual at several different times during instruction
to determine whether or.not the course has had an effect on the individual's
achievement level. In mastery SRT each student is tested against a
personal standard of performance, rather than a preset criterion level,
which is constant for all individuals. .SRT is designed as both a
diagnostic and.an=evaluation tool. By examining an individual's SRT
achievement profile at various times during the course of instruction
it might be possible to identify individuals with certain types of
learning disorders or individuals who were incorrectly placed in the
instructional sequence; Or, by identifying similarities across many
individuals' profiles; it might be possible to detect points -at which
the instructional -procedure-needs to 1 improved;

The implementation of SRT requires both ICC theories and procedures
and CAT procedures. The result should be measurements of individual
growth which have adequate precision Without prohibitive test length;
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Information Processing

Glenda Y: Nogami

Information processing is an integral part of effective military_
functioning. A Soldier'must be able to accurately identify and classify
relevant new information; process and use that information, and store it
for future use. The papers in the session represent the broad range of
information processing problems under investigation.

Biederman's research focuses on identification and interpretation of
information. He investigates the 5 classes of relations (interposition,
support, probability; position and familiar size) which aid in distin-
guishing between a real-world scene and a display of unrelated objects.

Can people be trained to use only relevant/diagnestic_information in

making decisions? Shanteau's results indicate that decision makers can
he taught to ignore non-diagnostic information through "active training."

Calanter's presentation is on the processing and,the use of information
under less than optimal conditions--performance at:night. Calanter dif-
ferentiates between performance in the dark (one_dimension of "night")
and performance during a specific time frame during the quotidian cycle:

Kerst and Howard are concerned about the processes by which people

are able to store cartographic information and recall that information'

for later use. Their_ investigations reveal that storage, accession, and
manipulation of visual_and spatial relationships can be understood with

psychophysical principles.
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HUMAN INFORMATION PROCESSING OF REAL-WORLD SCENES

Irving Biederman
State University of New York at Buffalo

Of fundamental importance to the functioning of many Army personnel
is the interpretation of information from real-world scenes. While most
central to such activities as,target detection and acquisition;_image

. interpretation, visual flight reconnaissance and vehicle control, the
efficient interpretation of scenes comprises a vital criterion for the .

evaluation of a wide range of military applications from equipment design
to:camouflage; The focus of this research is on the perceptual recogni-
tion of real-world scenes, particularly on how people are able to comprehend
a novel. scene in only a fraction of a second.

What is it that distinguishes a real-world scene from a display
of unrelated objects? Surprisingly; only five classes of relations
between an object and its setting may be sufficient for characterizing
much of this distinction (Biederman; 1980); A major experimental
strategy which we have been following to study scene Perception was to
violate one or some of these relations so that incongruities were
produced between an object and its setting; The violated relations
were of 1) Interposition (or oCcIusion); so that the background appeared
to be inappropriately passing through: an object; 2) Support; so that
the object appeared to be floating in air; 3) Probability; so that
the object was unlikely to be in that particular scene (e.g.; a fire
hvArant in a kitchen); 4) Position; so the object; which was probable
in the scene; was in an inappropriate position (e.g.; a fire.hydrant
on top of a mailbox in a street stene); and 5) Familiar Size; so
that the object appeared to be too large or too small.

Relational Violations and Scene Perception

The Effects of. Relational Violations on Object Detection

_In Object DeLction experiments; the effects of these violations
on the speed and accuracy of objectdetection_ were measured._ In
these experiments, prior to each trial the subject read_ the label of
a target object, e.g., "fire hydrant." A central fixation point was
then presented for_500 msec., immediately followed by a 150 msec.-
flash of a slide of,the scene. The scene was; in turn, immediately
followed (in the post cueing experiments) by.a cue (a:dot)_embedded
in a mask of random appearing lines.' The position at which an
object had been centered in the scene. On half the trials, the cue
pointed to the object that corresponded to thetargetname:and the
subject was supposed.to respond by pressing a "yes" key. Cued objects
could either be in a normal poSition or undergoing one, two, or three
violations;
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Targets undergoing violations were less accurately and more slowly
detected than when they were in a normal context. In general; the more
relations an object violated; the more difficult its detection. Violations
of the pervasir physical constraints of Intetposition and Support did
not interfere with detection more than the violations of those relations
dependent upon access to the referential meaning of the object; viz.;
Probability, Position, and Size. Also documenting this remarkably fast
access to semantic relations were the results of an experiment in which
the target position was pre-cued; i.e., where the cue preceded the scene.
'hat is; not only did subjects know what target to look fot; they also

ew exactly where to look. Even under these conditions; violations
retarded the detectability of targets. In fact_i an effect roughly analogous_
to the Reicher (1969) effect was obtained, in that objects in a normal position
were identified more'accurately than when presented by themselves. (The
Reicher effect is that:the identification of a letter when embedded in an
English word is more accurate than when presented by itself.)

The Detection of the Violations

In Violation Detection experiments subjects attempt to detect not
the target object, but the presence of the violations themselves. These
tasks are roughly analogous to grammaticality (or acceptability) judg-
ments of sentences. The sequence of events on a trial is comparable to
the pre-cueing Object Detection experiment. The subject was first
provided_with the name of a target objecti'then a fixation point was
presented which designated the position -where the target always would
appear. The scene was then flashed (ftillbWed by a mask).

In one (typical) experiment, the scenes were presented for 150
msec. and all of the violations save one were detected at a very high
(80-90%) level of accuracy; Violations of Interposition; however; were
detected on only 60 percent of the trials in which they occurred.
Chance was 50 percent. Multiple violations were detected at accuracy
levels greater than 90 percent.

To explOre further the detectability of the various violations,
another experiment was run in which the scenes were presented at very
brief durations; from 25.to 75 msec. At 25 msec., performance for
detecting both the presence of the violations as well as the accurate
judgment of a normal_relation was at chance. As the exposure duration
was increased from 25 to 75 msec., subjects were -able to detect all the
violations with increasing accuracy save one. The detection of Interposition
became less and less accurate as exposure durations increased until it
was significantly below chance at 75 msec. exposure duration. Why did this
occur? Although violations of Interposition would affect the course of
a figure-groundsegregation system, it_is our hypothesis that object:
identification does not require a preliminary- figure- .ground segregation.
An object's contours can elicit recognition directly.- With increasing
exposure duration; the processing of these contours becomes more and more
accurate yielding an increasingly accurate recognition of an object; The
detection of a violation of interposition, instead of being quickly signaled

4 9
42



by an early figure- ground segregation sYsteffi, requires the detection of

fine line segments which do not yield a recognizable object. The realization:

that an aggregate of line Segments is not yielding an identifiable object

may be an achievement that is relatively slow compared to therecbgnition
that a well-defined object is in an otherWiSd (with the exception of the

Interposition violation) normal relation to its_context. another:yay::

violations of Interposition might produce wrinkles in an otherwise well

fbrmed object ia a normal relation to its setting. These wrinkles retard

neither the identification of the object nor its relation,, to its setting.

The results of both the Object and ViblatiOn Detection experiments

thus document a remarkably faSt access to the semantic relatiohs among

the objects comprising a scene: faSt enough for violations of `these

relations to-affect the detestability of individual objects (in:the

Object Detection experiment)- and to be available even before the!, relations

reflecting pervasive physical constraints (in the Violation Detection

experiments).

One laSt experiment_prOVidedfUtther evidence for the relative speed

in the availability_ of the semantic relations. In a Violation Detection

experiment where subjects Were instructed to detect only the presence of

a single kind of violation, e.g., Support-violations of semantic relations

(e.g., Probability) interfered with these judgments. That is, the semantic

relations can be accessed so quickly as to affect not only the detectability

of individual_ objects, but also the detectability of the physical violations;

The last result underscores the important point that not only_are the various

relations accessed Simultaneously; but that this access is obligatory, That

is, we cannot help .but see a given object as floating in air or improbable or

out of position or looking too large or too.small.

Routes to the Top: How Do We Access Semantic Relations?

How are semantic relations accessed so quickly? Two routes to the

top--to schematic (or semantic) Informationare being investigated. One

route_is through an initial identification of one (or more) of the highly

discriminable objects in a scene. This processing of -the first object(s)

would be independeht of the processing of the_other objects: The implication

of the route is that once an object is identified_in the scene, we may

quickly know the kind of company it keeps-. That -is, we have access to the

probability relations; This information would then be used to influence

the course of object identification in another part of the scene; So, for

example, .if in looking at a scene we recognize -or detect astove; that will

fatilitate the perception of an object in_AnOther part of thescene; say a

coffeepot. There is no doubt that we could use this information in a task

that was relatively undemanding with respect to time. Given enough time in
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looking at a display of apparently unrelated objects (unrelated in the sense
of having a consistent layout in a real - world Setting), there is no doubt that
we could_ categorize these objects as likely to occur froth one kind of scene
rather than another. Thus; if we sec a stove; a refrigerator, a cupi_a sink;
and a pot, we could likely infer that these are all objects that would
occur in a kitchen. But would the identification of one of these objects
affect the speed of idertifying eh-Other of these objects?

The experimental displays to test this route involve_from one to
six pictures of objects arranged around an imaginary ClOckface. In a
modifiCatieh Of the_Egeth; Jonides and Wall (1972) task, subjects
attempt to detect Whether_a given target object is present in the
dIsplav: The main variable is the likelihood of the target object occuring
amongst the objects in the diSplay. In the High Probability condition,
or example; the target could be "lathp" and the display could contain drawings

pf_an armchair; an end table; a bookcase, a MagaZinei_a lamp; and/or a
Icdffeetable. On a trial when the target was' not in the diSplay; a_Stereo
might be Shown in the place of the lamp; All of these objects could have
'come frot a liVing room. In a Low Probability condition; the display could
'consist of a bath, a pig, a silo; a tractor; a cow; and/or a chicken. Egeth,
/ et al. (1972) reported that a digit would appear to "pop _out" fromPa display
1 of letters. Would a lamp "pop out" from a display of barnyard creatures and
objects? If so; or even if the resUltS went in the opposite direction in

1 which the lamp was more difficult to detect amongst_ barnyard objects, this
would dOeument a rapid access to the probability relations even in the absence
iof a scene-like arrangement of the objects;

1

1, A second; perhaps more interesting route to the semantic relations
I might be via features that are not thoad of individual_ objects but "emerge"

as objects are brought'into relation to each other ttiform a scene. The form
of such features is not known but their existence might be testable from an
Iexperiment in which_the features of the objects comprising a scene were so
degraded that the ObjeCtS_Were unrecognizable when presented individually. The
critical question is whether scenes can be constructed in which these objects
become identifiable when placed together to form a scene. This result would
suggest that individual features from different parts of the visual field
might combine to elicit the semantic relations for a group of_objects which;
in turn, can exert a top-down effect to influence identificatidn.

Background Gradietita, EXpectancy and Familiarity: Some,Routes
Not Taken

Our experiments have proVided evidence AgaitiSt_three possible routes by
whichSeenes can be rapidly and accurately perceived. One of these routes
was through the existence of an arrangement of'the objects in depth. In an
experiment that Cempared_the effects of presenting six unrelated objects against
a depth-like beekgrOUndji.e.; a path; railroad.tracks.; or a corridor), the
depth-like arrangement did not faCilitate identification compared to a blank
background or a.non-depth control grid. The critical point about this experiment
was that the objects could not be related semantically. This suggests that
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spatial relations will only have a beneficial effect on object identification_
to the degree to which they aid in the achievement (or are consequences) of
some unitary semantic representation of the scene. That is, if the collection
is a scene - -says a kitchenthen the perspective information could aid in the
achievement of a schema for the kitchen which; in turn, might facilitate the
recognition of the objects:

There is typically a degree of predictability (or expectancy) from one
glance to the next- in our visual world. We might expect to see a living room
when we entered a house for the first time--not a Burger King. We experimentally
tested whether such predictability could facilitate processing by priming a subject,
prior to the viewing of the scene, with a descriptor for that scene, for example,
"kitchen." Would the perception of a kitchen be faster and more accurate than
if such a prime was not provided? The theoretical issue under scrutiny here_is
whether generic routes to a schema exist which, if activated in advance, could
facilitate perceptiOn.

With respect to familiarity; it is 'the case that often-ibut not always--
we have previously experienced the_scenes which we encounter'in our day7to-day
lives. Can our perceptions capitalize on this experience? We posed thiS
question in the context of our experiments by repeating scene backgrounds
during the course of the experiment. On half the trials, a verbal Prime was
provided, The results were simple. Despite the fact that_the scenes were
processed to a semantic level-7as evidenced by an effect of violations of:the
semantic relations, neither priming nor repetition of the scene backgrounds --
that is; neither expe.Ctancy nor familiarityfacilitated the perception of
a scene.

Conclusions

From a single fixation at a picture of a novel scene; a viewer can often
extract. sufficient information to comprhend,that Scene. Neither a:sequence
of eye movements nor motion in the scene or observer are necessary for this
processing. Semantic relations are accessed at least as rapidly as relations
reflecting the pervasive physical constraints of Interposition and Support
which are not dependent upon referential meaning. The mechanisms for perceiving
and interpreting real-world scenes can be triggered so quickly and efficiently
that conditions can readily be found in which an expectance for a scene or-
familiarity with it are neither necessary noeven helpful toward its perception.
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HUMAN PERFORMANCE AT NIGHT AND IN DARKNESS

Eugene Galanter
Columbia University

Continuous and night operations have been an intrinsic part of
military activities since the latter part of the fifteenth century;
Our understanding of continuously operating systems have not advanced
as rapidly as the requirements for personal participatidn in such
environments. Earlier concerns about human performance at night
focused on one, particular organismic change induced by those reduc-
tions: the dark adaptation of the huidan retina; The observed
behavioral effect is a reduction in the absolute threshold for a visual
stimulus during the first thirty minutes of darkness; Other similar
lines of psychophysicalAnquiry have explored the control over human
detection and discrimination exerted by the energy Contained in the
vtsuAl stimulus. These data have led to the examination and
elucidation by sophisticated experimental paradigms of human factors
constraints in the design of visual displays: Th-ldata have also led
to definitions of illumination standards for a variety of tasks;
including vehicle control operations and system monitoring situations;

Technology has largely overtaken these issues in the form of
night vision aids and forward - looking infra-red scanning systems.
Thoughtful consideration of the effects of visual degradation as a

.

result of low ambient illumination alw,ays recognized a component that
was "psychological:" That is to say, difficulty in perceiving may
lead to difficulty in coping with tasks that were.not of_a primarily
visual kind: We belleve'these difficulties and their effects of.
performance may be induced by emotional, motivational, and attitudinal
shifts that may be 'brought about by darkness and/or night.

Night and continuous missions often require_people to work
under conditions of reduced sensory information (darkness) ata_time
(night) when information processing and decision making capabilities
are less than ideal. In order to understand the nature Of human
performance at night, it is necessary to separate analytically the two
aspects of the human operator's task: performance in_the dark .uid
performance at night. Night missions, of course, combine both performance
aspects, but this empirical co-occurrence_sheuld not deflect attention
from the fact that these aspects must be distinguished in order to
assess their contribution to possible decrements in human night time

performance. That is, darkness may induce performance_ difficulties that
get superimposed on problems that are elicited independently by phase
shifts in the rest-activity cycle.
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Our investigation of these problems has taken two lines: experi-
mental studies to examine the effects of darkness and nighttime; and the
development of technologies that will permit us to investigate individ-
ual feelings and attitudes concerning continuous and nighttime activi-
ties We attend first'to a review of experimental studies which
themselves are either laboratory experiments or field experiments. The
central purpose of these experiments is to see whether we can demon-
strate differences in performance that correspond to changes that
accompany motivational or emotional alterations induced by darkness or
time-of-day; For example; we have found that when people make judgments
about the "loudness" of variations in the intensity of acoustic stimuli;
those scales remain invariant when the observers are subjected_to varia-
tions in induced stress; But let the judgments be changed to "annoy-
ance" instead of loudness; and the slopes increase when stress is
induced; We have redone this experiment after changing the ambient_
illumination in the environment in which the judgments are taking place.
Under these conditions we find that although loudness judgments do not
change; judgments of annoyance grow more rapidly.

These judgments in the dark do not yet answer questions about the
effects of night; Before we turn our attention to field experiments
Conducted to assess whether performance at night is_poorer than perfor-
mance during the day; we must introduce an observation that comes from
the other line of our research-the development of instruments for the
conduct of surveyTtype studies. In_that works when we assess the effects
of time-of-day differences on_a variety of judgments, we note a con-
sistent difference between judgments concerning events and activities
that occur in what we_call "evening" and events in the "nighttime."
"Evening" refers to that period of darkness between approximately 8 pm
and midnight local time. "Nighttime" references the hours between lam
and 5 am.

The develdpment of these social survey time-histograms suggested
the importance of the evening-nighttime distinction. Consequently; our
field experiments attempted to record observable behavioral differences
in skilled_ performance conducted during the evening and at nighttime;
The general hypothesis is that whenever skilled performance requires
cognitive functioning that is sensitive to affective or emotional

.
interference, we may expect the performances to show deficits; In many
tasks, the human operator is functioning at levels of performance far
below those called upon during all-out cognitive and perceptual-motor
loading. Therefore, if we are going to observe these effects,; it
may be necessary to select a task that places a high workload on both
cognitive and perceptual -motor processes; We make use of a flight task
that requires an aircraft pilot to make a solo approach and landing to
an uncontrolled (rio radio transmissions) airport under conditions of

darkness. These preliminary studies were conducted either in the
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evening;,that is after 9:30 or at night between__2:30 and 4_am. Notice

that a pilot flying an airplane "on instruments" is operating in an
environment that is insensitive to the time-of-7day._ We, therefore, chose
to conduct a "visual" approach that required the_pilot to scan actively
outside the cockpit and to control the aircraft by visual reference
alone; In order to establish opportunity for any_effective components
of night or darkness to develop; the approach path required approxi-
mately six minutes of flight over the ocean with no artifacts visible.

The quantitative data consist of photo-theodolite measurement of thirty
observations per approach. Deviations from the approach path are represented
by the bi-variate scatter of the data points. Our initial studies tend
to confirm (both objectively and by subjective reports) the hypotheses
that nighttime is more affett-laden than evening and_that performance
is poorer. We are planning further laboratory experiments to confirm
these findings, and to examine physiological and psychological variables
that may serve as indicatdra of system differences and variations.

We return now to an overview of the_methods we are developing
to identify people who may differ in their effectiveness during the
quotidian cycle. Such variations among individuals may provide a
basis for selecting personnel for_ performance in tasks and missions
that require continuous or nighttime activities. On the other hand,.
if such indiVidUal differences are not detectable,we may find from
laboratory or field studies possible training techniques, taskdis-
plays, or even pharmacological aids that may be useful to improve
perfOrMante, or attitudinal or motivational tolerance for continouous
and night operations.

The central notion behind this new scaling technology that we
have developed is that human desire and aversion and the concommitant
affective states that they toOrosont.are;inprincipaI; embeddable
in a one - dimensional continuum that we (as. wen as others) call a
"utility scale ". The cultural representation of such a utility scale
takes its most obvious form in "money"; As a consequence; we construe
the monetary metric as the physical representation of the psychological
dimension of "desire" and "aversion"; Because of our interest in
aversive aspects of various psychic states; the aversion or, disutility
scale is the one we have developed most fully; It is essentially a
scale that estimates the distribution of incremental disutility of a
particular event from the same person without having him simply
repeat his answers in order to appear consistent and coherent, The_

technique has him compare the object of our interest (say,_"the_desir-
ability of working on the night shift") with a multitude ofvariously
aversive life familiar events. If now; we know the disutility scale
values of these life familiar events; then we can estimate the dis-
utility distribution of the particular situation we are_tryingto
measure by comparing that event with the multitude of life familiar

-events.



The central technical problem; therefore; was to scale the life-
familiar events that measure the disutility: To do this; we first showed
that we can generate a utility function for Iife-famiIiar events that
conform to disutility associated with monetary IoSses of varying magni-
tudes. These differential monetary losses. are shown first to have
utility values that are a power function of money and; consequently; will
regularly or consistently translate disutility to losses incdollars.
When other life-familiar events are simultaneously scaled with the
monetary losses; we may assume that their disutilities (the life-
familiar events) are as reliable as the disutility of the monetary
Losses; If the dollar losses show an intrinsic regularity, then we
assume that the disutility of the life familiar events have equivalent
validity; We are now in a position to construct survey questionnaires
for wnich the utility scales of various activities can be measured. We

anticipate highly reliable data that will enable us to .distinguish
between "larks-11 and "owls"; if such differences exist.

These techniques -- laboratory, field; and survey--have demonstrable
efficacy in having identified and isolated a technology to examine and
explore the question of continous performance during darkness_and
nighttime. We believe that the methodology is in place for the study of
these phenomenon. We are not yet clear about the form that a practical
solution to these problems will take; but we are confident that our data
have clarified at least the general_nature of theSe phenomena, and
therefore; we can find research tools that will help us find a solution
to the practical issues.

50



MEMORY PROCESSES IN THE RECALL AND USE OF SPATIAL CARTOGRAPHIC
INFORMATION

Stephen__M. KerSt
James H. Howard, Jr;

The Catholic University of America

The experiments reported here were carried out in the spirit
of Moyer's "internal psychophysics" to explore the way in which
perceptual_information on continuous dimensions such as geographical
area and distance is preserved in memory. Psychophysicists have long
been concerned with the relationship of actual stimulus magnitude
to the subjective magnitude of the sensation perceived by the observer;
Ve were concerned here with the question of whether there is a similar
systematic relationship between stimulus magnitude and the sensation
magnitude represented in memory; In addition; we were interested in
the relationship between perceptual and memorial judgments as an
indicator of the kind of retrieval process involved. When one is asked
to estimate size or distance from memory;_ does ha retrieve a stored
value directly or are additional processes involved in recall which
may induce additional distortion in memory?

Experiment 1

Four independent groups of college students participated. Group
one made perceptual magnitude judgments of the geographical areas of
states from a map of the Continental U.S., while group two made such
judgments from memory after studying a map for seven minutes. Subjects
in group three made perceptual magnitude estimates of distances from
the center of one state to that of another between the respective
centers of the members of 22 pairs of states from a map; while group
four estimated these distances from memory after studying the map.

Perceptual magnitude estimates are typically proportional to
actual:physical magnitudes raised to a power; i.e., # =t On
where k depends on the_-size of the unit of_ measurement. The exponent n
is characteristic of the particular dimension (e.g.;_length, area,
weight) which is judged. The_perceptual exponents obtained in the
Present stUdy based on group data were :79 for geographical area
and 1.04 for_geographicaldistance. For group data, log actual.
area_was highly correlated with log estimated area tr = 99); and a
similar_relationship_held_for diStance (r = .98). The exponents
obtained are almost identical to those reported by other investigators
using_irregUlarpolygons and lines in conventional magnitude estimation
experiments with singly presented stimuli. The obtained memory
exponents based on group data. were .60 for area and 1;09 for distance;
Log estimated area correlated ;97 with log actual area; and this value
was .96 for distance.
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'The surprisingly good fit of the power function to the memory data
suggests that, like perception; memory for continuous magnitudes such as
geographical distance and area is far from crude; but instead preserve
some of the quantitative.information present in the scale of physical
stimuli; As is true for perceptual estimates; judgments of magnitude
based on memory were found to be proportional to the actual stimulus
magnitude raised to a power;

A "re-perceptual" hypothesis is proposed where magnitude judgments
from memory are linked to the actual area or distance by two transfor-
mationE First; a perceptual power transformation takes one from the
actual stimulus to the sensation and its memory representation. This is
the transformation which yields the typical power function between
actual stimulus magnitude and perceptual magnitude estimates. At
recall; a similar re-perceptual power transformation operates when the
memory representation isre-perceived and judged. Actual stimulus
magnitude is raised to the same power twice; so that the exponent of the
memory function is the square of the perceptual magnitude.

This schema_predicts that the memory exponents for area and dis-
tance will be .62 and 1.00; respectively; these values are very close to
those actually obtainecL As predictedi. perceptual and memory_expenents
were identical for distancei_where perceptual judgments are directly
proportional to actual stimulus magnitude, i.e., the exponent is one
Perceptual and memory exponents differed fo;..area as predicted, where a,
second .79 power transformation oin memory -was expcted to compound the
original .79- perceptual power transformation. As_in perception, memory;
appears to distort judgment's of relative geographic area but alters
distance judgments very little. We haye replicated these results using
irregular polygons and lines as stimuli in a conventional magnitude
estimation paradigm. Our most recent data indicate that when uncer-
tainty and forgetting are prevalent; as in estimates made after briefly
studying an unfamiliar map, substantial distortion (i.e.; an exponent
less than 1.0) is found for distance estimates;

Experiment 2

In our initial memory psychophysics work we foCused on memory for
simple visual attributes such as distance and area. We have recently
extended this approach to investigate memory for-spatial location on
campus-sized maps as well. In one experiment; independent groups of
sublects made estimates of the distante,between locations on a familiar
college campus or between identically arranged unfamiliar locations.
For the familiar locations; estimates were made from either pre - experi-
mental spatial knowledge (LTM condition); after studyinga map- (STM
condition); or while viewing.the map (Perceptual condition). Distances
between unfamiliar locations were estimated either while viewing a map_
(Perceptual condition) or from memory after studying it (STM condition),.
Nonmetric multidimensional scaling was used to recover location infor-

from the subjective distance estimates. In_all cases North-South
and East-West dimensions emerged in the scaling solutions and the
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spatial configuration of points approximated the actual map. Subjects
tended to "square up" the familiar rectangular map in the LTM- condition;
but not the STM condition. For the familiar maps, direct scaling of
distance estimates showed that perceptual and memory-based_ estimates
were compressed to a similar extent, relative, to the actual distances.
For the unfamiliar map, however, memory estimates_were_compressed or
distorted more than perceptual estimates. _A brief study period_was thus
sufficient to activate and correct a relatively accurate cognitive map
in long-term memory for a familiar_areai_but was not adequate_to learn
an unfamiliar map. Hierarchical clustering analyses showed that_in the
memory conditions, groups of map sites tended to form separate clusters
This_was_strongest in the LTM condition suggesting a tendency for
spatial knowledge to assume a hierarchical structure in long-term
memory.

The results of this experiment were consistent with our earlier
findings in suggesting that interesting systematic differences do exist
between remembered and perceived maps. Furthermore, they suggest that
multidimensional scaling techniques, combined with other methods, are
useful for investigating spatial cartographic knowledge. However, the
specific findings of this study have raised a number of additional
issues. Fbr example, does the distance estimation task provide the.
best assessment of a subject's remembered spatial knowledge? We

addressed this qUestion in another experiment in which subjects:
recalled a memorized map both by estimating interpoint.distances
and by sketching a complete map An-analysis of the psychophysical
interpoint distance functions from these conditions revealed sub-
stantial scale compression for the distance estimation task; but
remarkably accurate maps for the sketching task; This raises the
possibility that certain spatial Gestaltjproperties of the complete
map enable subjects to improve their accuracy when sketching rather
than focusing on specific distances as in distance estimation.

Another question that we have addressed.concerns the mental
processes that subjects use to perform the distance estimation task.
In other words, when:,a subject estimates a particular distance -to be
two three, or twelve times a standard, how specifically_ was this
number determined? We have recorded response latencies_in a variety
of magnitude estimation tasks to investigate this question._ Our
findings suggest that subjects employ some iterative comparison
process in which the smaller stimulus is adjusted to match the larger.

Finally, the ultimate goal of this _project is to understand
theoretically how visual and- spatial information is- stored, accessed,
and manipulated in memory. Our findings indicate that psychophysical
methods can be applied fruitfully to_compare memorial and perceptual
processes. It is obvious that a number' of unanswerei questions
remain, but_it appears that the answers can be best achieved by an
approach which searches for both similarities and systematic differences
between memory and perception.
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TRAINING EXPERT DECISION MAKERS TO IGNORE NONDIACNOST1C INFORMATION

James Shanteau
Kansas State University

Past studies of expert decision makers have consistently reported
that training and experience have surprisingly little impact on the

quality of the judgments made. For example,_Goldberg (1959) found no
difference between experienced clinical psychologists, student interns,
and "off-the-street" subjects in their ability to evaluate Bender-

Gestalt protocols. Similarly, Trumbo, Adams,_Milner, and Schipper
(1962) reported that experienced licensed grain inspectors were no more
accurate than less experienced inspectors in grading wheat, but they

were more confident in their judgments. Based on a review of over 20
such investigations, Goldberg (1965) concluded that "the amount of
professional training and experience of the judge (is) not related to
his judgmental accuracy" (p. 233).

The purposes Of the present research project are (1) to demonstrate-
that, contrary to_these earlier conclusions, `raining and experience ..can
influence expert judgment, (2) to provide evidence that nondiagnostic
(irrelevant) information frequently influences the judgments of experts,
and (3) te_deVeltip specific training techniques to help expert judges

Ce0e_With_irrelevatttnformation. An additional goal of the research is

to 'MOW that Information Integration Theory or IIT (Anderson, 1974)

provides a useful technique for directing and evaluating the effects of

training.

The major part of the research thus far has involVed taxonomic
decisions made by expert agricultural judges. Specifically, two sources

Of evidence are relevant; The first comes from research by Phelps__
(1977; also see Shanteau & Pheips, 1977 and Phelps & Shanteaui_1978) on
.the development pf livestock judging skills.. Based on the number of-
years of formal training, 61 judges were divided into six skill levels.

All judges were then asked to make a variety of judgments about each of

27 sketches of gilts (female swine). The patterns-of judgments were
an?.led using ITT procedures which revealed a number of developmental

trends; One such trend is for less experienced. judges to be more
linear; while experienced judges are more interactive. Another trend is

for the reliability (replicability) of the judgments to increase with

experience;

The second source of evidence comes from research on professional

soil scientists. Preliminary analyses revealed that soil classification
decisions were frequently inaccurate in part because the presence of
irrelevant materials in soil (Shanteau & Gaeth, 1980; also see Gaeth .&

. Shanteau, 1979). A_ More detailed study was then run by Gaeth (1980) to

compare various techniques for reducing the effects of nondiagnostic

factors. Twelve experienced soil judges were asked to categorize 16

soil samples, s-me of which contained irrelevant components such as

excessive moisture. Passive (cognitive) training sessions;-involving
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verbal classroom-like instructions, had a relatively small influence
on the impact of nondiagnostic materials. _However,_ active_(percep-
tual) training, emphaSizing handS7on experience and_self-discovery,
considerably reduced the impact of irrelevant materials.

Two other findings emerged that were of considerable interest.
FirSt; a novel performance measure based on -the weight given to non -
diagnostic information was found to be an effective part of_training.
Such weight measures -can be readily derived from ITT and this illustrates
how IIT may be useful in specifying the direction of training (Shanteau,
1979). Second, an_unexpected result was that accuracy, although
nondiagnosticity impact_ decreased. This suggests that training to
reduce the influence ofirreleVant factors might be quite useful in
situations Where there is no criterion or "best" judgment available;

Research is presently underway on three additional experimental
goals._ The first is to evaluate the long-term influenceofnon7diag7
nbStiCity training and to determine the extent to which .this training
transfers to other non- diagnosticity problems. The second is to
use these results to refine and develop more efficient and widely
useful training procedures; The final goal is to investigate the
generality in other decision making contexts of both the non-diagnos-
titity effects and the procedures designed to reduce those effects.

Five major conclusions can be drawn from these results. First;
in contrast to previous findings;., experience and training do appear.
to have an impact on skilled agricultural decision makers. Second,
it is possible to train agricultural experts to avoid the damaging
effects of irrelevant factors when making decisions. Third; active
passive (instructional) cognitive training for skilled agricultural
experts; Fourth; Information Integration Theory proVides_a hel0fUl
framework for both directing and describing the effects of training
in decision making. Fifth; by training experts to ignore_non7diagnostic
factors; it may prove possible to increase the accuracy of judgMents
even in settings where there is no criterion.of accuracy available.
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Learning, Memory; and Transfer

Joel Schendel

The problems inherent in developing the many diverse and complex
skills of approximately three-quarters of a million Army personnel are
substantial; and they are magnified by a_resource-constrained
environment; Nonetheless, attempts are being' made to overcome them.
CemMand emphasis is being placed on the identification of efficient

.procedures to train; evaluate; and maintain Army job skills. An

important part of ARI' research mission is to establish a data base to
support this process.

The papers presented in this section of this report describe some of
the basic research funded by ART. These_research projects were deSigned,
generally to promote_a better understanding of the variableS Affecting__
learningi memory, and transfer. The research covers a variety of content

It inclOdes work on conditioning (Dr; Wickens) and cognitive control

processes (Dr; Weinstein). It develops alternative strategies for improved
performance.(e.g.; Dr. Marx)_ for the evaluation of that performance (Dr. Newtson).
Furthermore; it advances both nomothetic (e.g., Dr. Marx; DT. Wickens) and

ideegraphiC (e.g., Dr. Notterman; Dr; Weinstein) approaches toward the study._

of learned bohavior; Yet; while varied in content; the research was deSigted
with one goal in mind--to help the Army meet its training needs.
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ANALYSIS OF REWARD FUNCTIONS IN LEARNING

M. H. MatX_
University of Missouri -- Columbia

A series of experiments in the Missouri laboratory has attempted to
test the proposition that responses can be strengthened by reward in a
manner that is independent of its informational function. The - experiments

have mainly involved comparing performance (responding, with_knowledge of_
results) and observation (watching a_paired performer respond;_and receiving
the same knowledge of results) in multiple- choice learning tasks. The first
experiment utilizing serial tasks, showed observer superiority
and Marx, 1960; cf. also Rosenbaum and Arenson, 1968). Later experiments,
With discrete (nonserial) items, revealed no overall differences between
performance and observation in acquisition. However, female subiects often
did better as observers, and performers--mainly male performers--tended more
often to repeat both correct and incorrect responses (Marx and Witter, 1972;
Marx; Witter; and Farbry; 1973).

Three recent experiments were designed to test the_hypothesis:that
performers' learn_more rapidly, relative_to observers, when the task is
more "mechanical" (rote). This prediction was_based on_tne assumption
that_a_rote task offers less opportunity for the effective use of
cognitive strategies-by observers, And greater opportunity, therefore;
for the expression of any direct strengthening by reward.

The first experiment (Marx; Homer; and Marx, 1980) gave only marginal
support to this hypothesis; the predicted interaction occurred but with a
p = ;08; The second experiment; with a more systematic manipulation of the
task variable; yielded a highly reliable (p<.01) interaction, as predicted.
The third experiment did not show a reliable interaction._ However;_reliably__
more performed than observed items were acquired -in all three experiments. It

was_concluded that these results leave open_the question of some kind of more
or less dtrect strengtheningof'responses, in a relative if not an absolute
sense, by reward (cf. Marx, in press).

A second line of researchdirectly addressed the role of the habit-
strength concept. 'In order to assess the role of prior associative strength
in human learning 'and memory; 126 high school students were first asked to
give up to for verbal responses to each of 40 word cues. The responses were
to be associates; so.that the two terms would_form a common expression (e.g.,
class room, mate, ring, rank). One month later the participants were given
32 words_from_the list as_cuesin a multiple-choice learning task, with response
alternatives drawn from the prior responses, and two months later given
retention tests. results, in general, showed reliably stronger - learning
and retention of errors that had been prior response associates; compared with
non-associates. It was concluded that some place needs to be made, in cognitive
theories of human learning and memory strategies customarily stressed. The
results are especially supportive of the flexible type of response-strength
concept as a complement to the learning and memory strategies customarily
stressed; The results are especially supportive of the flexible. type of
response-strength concept (habit-activation) that has been proposed for both
animal (Marx; 1966) and human learning (Marx,- in press).
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The learning results also confirmed an earlier demonstration of
incremental response build-up over repeated occurrences of particular
errors; the more often a particular error had occurred the morelikely
it was to recur on the next trial. Selection of the subjects with the
highest frequencies of error persistence indicated that the majority of
subjects did not show the effect and suggested the dependence of this
phenomenon on the minority of subjects who were- high frequency error
repeaters; male subjects were found_to be reliably more likely than
female subjects to be members of this minority.

This increased susceptibility of_male subjects to persistent error
repetitions was related to other results (Marx, 1979) which showed the
relatively greater vulnerability of_high school males to the inhibitory
effects on transfer and retention of an added work -requirement during
learning--the scoring of- performers' responses as correct or incorrect
by observers._ This simple scoring_ operation during observation was also
found to result in inferior retention of conceptual learning materials
in both sexes (Marx, Homer, and Marx, 1980). '

Suggestions were made for interpretation of,and further research
on, the error-Persistence problem which was regarded as a potentially
important, if generally unrecognized one, for training programs.
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THE PERCEPTUALORGANIZATION OF BEHAVIOR

Darren Newtson
University of Virginia

Three conclusions as to the nature of the process of behavior
perception were presented, based upon over-40 studies of this process.
The first conclusion discussed was that there exists higher-order unit,
of perceptual information in the behavior stream that.are not reducibly
to lower-level movement information. It was argued that task
performance must necessarily consist of such_higher-order action L-.1its;
Consequently; observer skill_training as well as task analysis shold
benefit ftom attention to this level of meaningful organization in
behavior.

The second conclusion discussed was that behavior percepn
active process; and hence is variable in that it may be more Eicti Ot

less active. Evidence was cited showing_that ob'tervers have a jf

analysis levels available to themfrom fine units to large units.
Perceived action_units are typically found to vary between 1/2 ar k8

Se-obi-WS in length. Observers may vary level of analysis by instruction
in response to situational factors like surprite; and as a resv.ic or
film speed manipulations; The consequences of variation in_level of
analysts is increased information gain about the lower7level components
of the task behavior. It was noted that this_does not imply. that
fine -unit analysis is_always best, assomeievidence indicates that
fine-Unit analysis enhances primacy effects in judgments of series of
performances. It was argued that inter - observer variability is a potent
source of unreliability in observers' ratings; and that this
unrelinbilli_ can be countered by careful preparation and standar-dilation
of the observer;

The third conclusion from the research was that behavior perception
is a highlv_selective process. First, the process is selective in the
sense thdt it is less than exhaustive. Evidence was presented showing _
that subjects could delete up to 48% of some sequences and still_ comprehend

the sequence as well as subjects viewing the entire sequence. The process

also is selective in the sense that perceivers process available information

according to some _cognitive_frameworki-_or anticipator schema; so that
observers with different schemata may literally gee different-things;
Evidence was cited-showing that such biases do reflect perceptual selectivity..
In addition, observer skills have been found to be dependent upon such schemata,

And to consist of both conceptual knowledge and perceptual learning. It was

concluded that observer skill may be identified_by assessing the segmentation of

task performante; and that observer skill training must include perceptual

as well as conceptual learning.

_Finally, a pilot study was presented suggesting that observation skills

may be important. in learning from example; It was suggested that such learning
may be accelerated by using techniques discovered by the present research to

assist trainees in efficiently seeing an example.

65



INDIVIDUAL DIFPERENCES IN VISUAL-MOTOR ORGANIZATION

Joseph.M. Notterman
Princeton University

The research program is concerned with an_analysis of_sensory:and perceptual

visual-motor organization (VMO). Sensory VMO depends mainly upon the speed and
accuracy_with_which exteroc'eptive and kinesthetic information car; be conjointly

processed during the development of skill. The same is true for perceptual -VMO,
but in addition, the acquisition of skill is abetted by the greater possibility

of being able to synthesize information more readily, and to plan. "Synthesizing"

implies the combining of different sources of infortation in a way such that the

result transcends the. components, even:though it depends upon them._

"Planning" im4lies the taking advantage of whatever coherenceor predictability

may exist in situation. For the presenti the analysis is 'limited to on -going

continuous Lehavior, such as is_represented by the eye-hand, pursuit tracking

paradigm of VMO.- The long standing utility of pursuit tracking as a paradigm of

VMO has yet to be surpassed, especially with respect to continuous behavior.

The static and dynamic, visual and motor informational components considered

to be minimally necessary to affect VMO, Were identified by way of two conventional

equations dtaWh ftOM Control Theory; For visual input (i.e., the target's momentary

location), the equation is:

Position Veldeity Accelerarion-

s = ds/dt d s/dt

For motor output (i.e., momentary force production), the equation:

Limb Velocity Limb Acceleration

F= K Q dQ/dt D d Q/dt

(The motor output situation was deliberately chosen to represent a quite

simple force-movement transfer functioni one describing a control stick loaded

only with elasticity (K) through a torsion rod.)

Nine "tasks" were selected from these two equations:
Visual Discriminations--l) Judgments of.differences in Target Positions (8);

specified_as horizontal space betWeen successively presented pairs of points

of light displayed on a Tektronix CRT 004; "% correct" was used_as'an index

of xI proficiency; 1) Differences in Target Velocities (ds/dt); and
3) Difereno4 in Target. Accelerations (d stdt)i Quasi-random combinations

of spaces and times were used to deterMine Target VeletitieS and Accelerations.

Temporal Discrimination -- Judgments of differences in target durations_(t) of

successively presented pairs'of points traveling the same horizontal distarce,

but at various speeds. Motor Actions (no concurrent visual feedback)--l) LiMb

Displacement consisting of angular displacement Of an elastically-loaded control

67



stic..k about its axis, With both coefficient of elasticity and angle of
rotation being limited to a single value of each (F = Kir); 2) Limb
Velocity (dF/dt K d(edt); and 3) Limbs Acceleration. (d F/dt = K d Q/cit).
Visual-Motor Organization--1) Pursuit tracking of a target possessing
predictable motion (horizontal representation of:a sine wave); and
2) Pursuit tracking of a_target_possessing unpredictable motion (horizontal
representation of band-limited frequencies).

A series of experiments still in progress permit the following summary
and conclusions:

1. Individual differences al'or-: the subjects were demonstrated for each
of the 9 tasks through a Test-Retes: -;rocedurei using Pearson's "r". All
Test-Retest correlations were stficant .(p .01, 2-tailed N=30).

2. Subjects who excel at one of these tasks are not necessarily those
who excel at others. Particularly noteworthy is the lack of any sign of
correspondence between proficiency of deteczing. differences in Target
Velocities and in Target Accelerations. Apparently; the higher demand for
space -time synthesis required in the latter sepprates the two talents. J4ore
importantly; the tapping of this cognitive or pere2,-7:'. operation would
seem to be devoid of educational bias.

3. Complex motor programs develop for motor actions executed in the
absence of concurrent visual feedback, provided that visual' cursor- target
error is presented at thg end of the action.: The programs are complex in
two ways: First, they are time- variant, or dynamic. _Second, they exhibit
internal corrections at points of iflection during the course of the movement
even though no concurrent; external error signal is available.

4. Subjects differ significantly among themselves in their ability to
acquire plans (i.e.i to perform motor programs).

5. Although training in Pursuit Ttacking significantly improves
performance; and is therefore vital to efficient VMO, subjects array
themselves reliably the same way at the end of training as they did
at the beginning. This phenomenon is especially strong for pursuit tracking
of a targc in predictable motion; where--after 10 sessions of training-7
the:corciation between initial and_final performance is suffi:iently high
to be acceptable at p .01, 2-tailed, N = 9. More subjects-are being run.

.

6. Throughout the series of experiments, the influence of perceptual
synthesis and L.-;anization is in evidence; The research shows how training
and performance depend upon entering components of space,.time, and action;
but it.showsjust_as clearly that cognitive and perceptual operations
transcend the fundamental components, and_that individuals differ significantly
in their capacity to utilize these operations. Further, i..: is reesonablefto
hypothesize that the cognitive and perceptual operations involved are free
of any educational background.-
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7. Collectively the findings mould appear to have direct implications
for personnel selection, training, and performance.
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COGNITIVE LEARNING STRATEGIES. AND STUDY SKILLS TO IMPROVE RETENTION

Claire E. Weinstein
University of Texas

Providing high-quality instruction is a necessary process /objective for
meeting the goals of the military services. Given the high cost ofteaching
technical job skills to members of the Army, it is important to consider
Alternatives that increase the effectiveness, or reduce the cost, of current
training practices. One alternative that cou3d improve the ability of service
personnel to learn from instruction and on-the-job experience is to teach them
a broad range of learning and study skills. There are at least two ways to
proceed toward this objective_ given current training needs and the existence
of extensive:training materials and systems. The first approach weuld involve
developing independent training prograts to teach learning strategies and
study skills. The programs could be administered individually, .or in combination,
pri.. :o b.sic or job-related training. The second approach would involve
prompts that could induct the trainees to use appropriate learning strategies
and study skills to learn job-related tasks; This latter approach avoids asking
trainees to learn seemingly irrelevant techniques in preliminary instructional
sessions where_no immediate utility, for the.skills is apparent and may avoid
the:problems of transfer to job training, but it also entails .costly and extensive
revisions of the instructional materials now in widespread use.

There !s nc optimal resolution for this dilemma, but the first approach,
developing independent training programs, seems the most reasonable alternative
given current resources and the state 7of-the -artknowIedge:in this field. Interest

in the nature of -learning strategies and optimal training_methodsin_their, use
is increasing among both researchers aud_practitioners. To ,revise the technical
training_materials used by the Army at this point in time would be premature.
Me development of independent training methods and materials to teach learning
strategies would provide ameans for taking advantage of current knowledge_in
this field as well as providing a means for cost-effective up-dating of this
instruction as new data becomes available.

Part Of the purpose of the Cognitive Learning Strategies Project; located
at the University of Texas; is to identify and study a number of the. cognitive
competencies needed for effective learning and retention, particjJarly imaginal
and_verbal elaboration, and to investigate the means needed, to identify and
train less successful learners in the use of these competencies or strategies.
The use of study skills to organize new material to_Faciltate the use of
acquisition and retention also is being investigated.
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Although many educators and psychologists agree that successful learners
use a variety of effective elaboration strategies to organize_and execute any
particular learning act; the types'and essential components of these strategies
have nOt been systematically identified or classified. Previous research on the
training of cognitive strategies has been based on the experimenter's conjecture
about what constitutes an effective cognitive strategy rather than on broad -based
evidence gatheredfrOm a large number of successful learners. As part._of this
project; a series of_exploratory_studies were conducted With,47year and community
college students to develop the Learning Activities Questionnaire which has been
used to gather information about the use of learning strategies by people in
different settings and-at different educational levels. There are seven:different
settings -and at different aducational levels. There are seven different learning
activities that serve as stimultis materials for the questionnaire., These tasks
had elicited the greatgstrangeof different learning methods in earlier develop-
mental studies. These activities include three paired-associate learning tasks;
two free recall tasks; and two reading comprehension tasks. Learners are asked
to study each of the learning_activities_andthen respond to a series of, anen-
ended qtistions about the methods they might use to remember the material.

Data haVe been gathered on the types of strategies used by graduate students,
community college students, and three groups of Army recruits poSsessing either .

a high school diploma, a general education diploma, or no diploma; The strategies

wore synthesized into.five different categories;

These ere;

1. Roie strategies - -- strategies that emphasized repetition;

2. Physical strategies- -any strategy_that involved using the
physical properties of the material to be learned, such as spelling
patterns;

3. Imaginal elaboration--any_strategy involving the formation of a
mental.pictuue in order learn the material;

4: Verbal elaborationartively working with the material by asking
and answering questions about it, determining implications of the content,
relating it to information already known; etc.;

-5. Groupingrearranging the material to .be learned.into smaller
subsets according to some rer2oived characteristic that is commonly shared.

The patterns found in the data are fairly consistent. Both college student
groups reported using a va.;.ity of strategies. The graduate students reported a
greater number of verbal and imaginal elaboration strategies than the community
college studewa; but both groups also reported,_ using a number of less effective
rote strategies. The noncollege groups reported sing fewer types of. strategies
than env of the college groups, and many of.the recruits in .theSe groups reported
using no strategies or only rote strategies. We are currently_ conducting two
utudies to investigate:fUrtherThe specific properties of imaginal and verbal
,laboTaters thnt make them effectiv;: learning aids.
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In a preliminary study designed to investigate theSeissues, a number
of different cognitive strategies, learning tasks, and stimulus materials
were used to train ninth graders in the use.of generalizable elaboration
Ski118. The cognitive strategies, drawn from the research literature in
cognition and instruction, incIuded.various forms of verbal and imaginal
elaboration.---Theuse of elaboration_requires_the learner to create a
symbolic construction that, ,when combined with the new to-he-learned info-
mation, makes this information more meaningful. For example; when learning
from text, the learning -could relate the material to previous knowledge
directly; by forming a visual image; or by creating an analogy. The learning
activities included_ traditional laboratory tasks, such as paired associate
learning, and everyday school tasks--such as reading comprehension. The
learning materials were selected from appropriate curriculum materials in a,
variety of academic disciplines.

7

Seventy -Five ninth grade students were randomly assigned to one of-three
groups:, training/experimental, control, or post -teat only; The experimental
group participated in a series of five one-hour elaboration skill training
sessions; administered at' approximately one-week intervals. Students were

exposed to a set of 19._learning tasks. They were required to create a series
of elaborators, or mediational aids, for each of these tasks; Experimenter -

provided directions for the early tasks emphasized the properties_of an_effective
elaborator; The }atter training sessions provided opportunities for additional
practice in usinithese skills with little or no experimenter- provided instructions.
The control group ras exposed to the same stimulus materials but their task was
simply to learn the information without any type of strategy prompts or_directions.
A post-test only group was not exposed to the stimulus materials but did
participate in the po-st7test sessions. The immediate post-test was administered
one_week after the conclusion of the training; end the delayed post-test was
administered approximately one:month later. Roth immediate and delayed-post-tests
consisted of reading Comprehension; free recall; paired associate, and
serial recall tasks.

The results of the data analyses for the immediate post -test refealed
significant differences between group means on the free recall and Trial 2
of the paired-assoCiate learning_ tasks. In each instance, the experimental
group's performance, surpasSed the perfOrmance of the control and post-test
only groups, wlich did not differ significantly from each other. On the

delayed post-test; a significant difference 1,7s obtained for tbe_reading
comprehension task and Trial 1 of the serial learning task. Again, these

diffetencs favored the experimental group. It seemed that students could
learn to utilize these elaboration strategies in a variety of task situations
but further research was required to determine the optimal conditions for__
their learning and use. We are currently conducting several training studies
to investigate further these issues.
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In addition to verbal and imaginal elaboration; a number of other
competencies necessary for effective learning and retention have been
identified. These competencies include the use of organizational skills;
such as time management and efficient study procedures; and self-management
Skills, such as anxiety reduction, concentration and focusing on the task.
lh the past, these various competencies have usually been studied in isolation
from each other, rather than focusing on their similarities and differences
With an emphasis on how their several effects might interact in a total
Learning situation. It_ seems reasonable that 'a combination of these skills
may Prove more effective in enhancing learning than any one in isolation.
Students could then be taught diagnostics for the application of particular
skills or combinations of skills. This could be ,a unique and critical
contribution to instructional theory and practice; A study is currently
undt,rway with four sections of an undergraduate course in individual learning
skiils to investigate this issue;
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INVESTIGATIONS OF COWTIVE CONTROL PROCESSES IN CONDITIONING

Delos D. Wickens
Ohio State University

TWo tVneS_Of situational demands may be contrasted with_each other. In

one claSS of situation the sublect is allowed time for thoUght, making a

deCiSibn of whether or not to respond and what response_tb Make. Contrasting

With this situation is the one which demands prompt action little or no

option onthe nature of the response whith is permitted -=-1
is to be

made; The two classes of_responding are each appropriate to their own physical

and social environment. In some Situations the ultimate survival of the .

individual or his social .group demand unquestioned respondingi. while in others

the more leisurely and pondering approach makes its contributien to survival.

Although there are many gradations between the two extremes; the

conditioned response (CR) is generallv considered to be of the latter type.

Skinner called it a respondent.- specifically stating that the response is

elicited by the- conditioned stitUlUa(i). The CR involves more than knowing,

that A will be followed by B at some set temporal interval; it involves also

making a B-like response prior to theoccurrence of that stimulus. Pavlov uses

the term "reflex" for this kind of learning.

The'psychoIogical interpretation of claSSital conditioning has two extreme

interpretations about its nature and_eXetUtiOn. The strong cognitive view is

that the scbject has learned that B is likely to follow A; and then decides

whether to_r,-!spond or not to tespend. The other extreme; as implied by Skinner

and Pavlov's- terminology, is that the CR is both automatic and_mandatory. Stated

simplist.i.611Y, the second view would hold that acquisition and execution are

solely a tinittion of environmental manipulation, WhereaS the first view implies

the occurrence of subject- generated strategies in both acquisition and execution.

In one instance; both acquisition and execution could be called VolOntaryand

in the other involuntary. It seems likely; however; Ciat some intermediate and

variable position is the more likely state of affairs; and that acquisition,

and possibly, execution are influenced not only by environmental manipulations

but also by cognitlyelymanipulated factors. The current research was designed

to assay the role to cognitive factOrs in the acquisition of a CR.

The experiments utilize_the sensory pre-conditioning paradigm. In this

situation two neutral stimuli are paired together for a number of_trialS,_then

one of these stimuli is pairedwithan effective unconditioned stimulus (UCS)

to establiSheenditioning=FinaIly, the other stimulus is giVen to determine

whether the CR hasbeenacquiied.to that also even theUgh it had not been

physically associated with the UCS. There haS bOeh an abundance of research

ShOWingrthat this; will happen.
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The-enet;LMeett. The eationale_of'this experimental program was to
manipulate the cognitive variable while keeping the_physical_conditioning
situation constant; using the sensorypre7conditioning paradigm. The cognitive
manipulation applied to the pre'.conditioning period and consisted of telling the
subjects to think of the two stimuli-71ight and tone -as being alike (pro group);
as being different (anti grOup), or that the stimuli were presented only to adapt
them (neutral group) to the stimuli. Clearly the question being asked was
whether these instructions influenced sensory pre-conditioning.

xperiment 1. This experiment consisted of four phases and of six groups
of 30 subjects each: In phase 1 instructions about the experiment were given,
including the cognitively biasing ones, with 60 subjects being given the pro,
neutral, or anti instructions. Phase 2 was a sensory preconditioning session
for half the. subjects and a sensory pre-o,onditioning control for the other half.
The e,:perimental groups, hereafter referred to as paired;_received the two stimuli- -
light and tonepaired; with the onset of one preceding the Other by 500
seconds (ms). _In_the control condition; hereafter called unpaired, theSe stimuli
mere gtwer randomly_ always being separated by at least 12 seconds; Each third of
Lhe unpaired and paired groups had received a_different set of instructions - -pro;
anti; or neutral. In phase 3 the second of the paired stimuli became the CS for
a shock_UCS. The response measured was the Galvanic Skin Response (GSR). (The
unpaired CS during this stage matched the appropriate modality_of_thepaired. groups;
and ttiodality was counterbrlanced). Phase 4 consisted of giving the other stimulus
.alone for 10 trials without shock--a test for sensory pre-conditiOning.

The results for the paired groups showed an instructions effect; with the
pio group being superior to the neutral and the anti group; and the latter was
irferior to the neutral group. However there was no difference among_the unpaired
groups as a function of instructions; and they all were inferior to the pro and
neutral paired groups; but did not differ from the anti paired group. Stated in`
general terms, instructions are effective in sensory preconditioning only if
they are associated with a supporting environmental condition.

Experiment 2. In this experiment; the topic of pro and anti instructions
was Once again investigated under conditions favorable or unfavorable to sensory
pre- conditioning: The Independent variable o a time relations in the sensory
pre-COnditioning stage. For one instructional pair of groups the sensory pre-_
conditioning test stimulus was the first stimulus of the preTconditiOning pairing.
'r6rWard); fei another it was the i:econd stimulus of pre-conditioning (Backwards);
md for both of these groups the o...7et-differential was 500 msi'a presumed optional
interval for forward conditioning. For the next set of groups the pelting autifig
the sensory stage was one of Simultaneous onset of the two st.imuli. Each of these
time intervals contained a pro and an anti group. An unpaired, neutral instructed
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grotto was used as a basic control. The logic of the experiment was that sensory
pre-conditioning should be_readily obtained for the forward group, negligible for
the simultaneous group, and absent for the backward group. The question being

'.asked was whether or not pro instructions would eliminate the envirorni:ent differences.

Except for these differences, the procedure was the same as in the first
experiment with the same four stages. Again there were 30 subjects in each group.
The statistical analyses indicated that the only group which excelled the random
control group was the pro forward.

The data of both experiments clearly indicate that this particular cognitive
manipulation cannot substitute for the appropriate training procedure. Stated in,
another way, one cannot make a silk purse out of a sow's ear; The data of the
first experiment du show; however; that; given a favorable cognitive impetus and
the appropriate learning situation, acquisition can be facilitated. They suggest.
that the most efficient training procedure is one which employs not formal
training alone; but one which has this training preceded by an appropriate
vicarious experience.

The research now in progress follows the same general schema as the ones_
reported above but measures simultaneously the automomic response (CSR.) and the
skeletal (voluntary) response of finger w:thdrawl.
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Human Relations

Glenda Y. Nogami

The Army has always evidenced a strong concern for leadership.
Loading soldiers and managing their individual and group performance are
cWo major aspects of an NCO or officer's job. The papers presented in
this section reflect the range of research supported at ART..

Thothas Milburn's presentation deals With crisis_ management. He is

currently Investigating the variousdimenSions of crises and leader

responses to determine. what kinds of responses are more effective in

what kinds of crises.

Al.an Harris reports on three experiments which_ investigate the

effects of organizationalstructure,and leadership factors in sustained
group Performance. Harris is concerned_ with the.group's social structure
as won as their ability to perform tasks.

David Herold presents an interesting proposition in his paper.' He

propoL:es that group performance experiments should consider the tasks

used. Herold hypothesizes that effects_attributed to groups may; in

fact; be better attributed to the specific tasks involved.

Terence Mitchell presents the Other side of performance--research
on poor performance. HiS research has applied the internal-external
dimension of attributi66 theetY and developed a model for diagnosing and

responding to poor performance.
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ORGANIZATIONAL STRUCTURE AND LEADERSHIP FAC'09. AS DETERMINANTS OF SMALL

GROUP PERTFORMANCE,

Alan H. Hr',.-ris

Johns Hopkins University School of Medicine

Uhere sustained and accurate performance on a complex duty, assignment..

for days; weeks or longer is critical to the successful outcome of a given

mission; it is obvi6usly essential tO'ktiow how best to arrange individual

and /or group living And_work routines to promote maximum performance effeC-
rivelless and maintain high morale throughout the mission's duration. It is

thus necessary-t9 know the most effective organizational structure for such

operational units_and to understand the interacting leadership fadtors

which.in concert determine both performance maintenance over extended inter-

vals and the'day-to-day status of the group as a social system.

For the most- part, the voluminous research literature on organization-

al structure and leadershiphich"has developed over the past two decades

(for reviews see Sh.aW, 1971, Hare, 1976) is characterized by one or the othet

of two investigative restraints which limit the generality of experimental

findingS. On the one hand, studies which have focused upon ongoing opera-

tional settings (e.g., industrial and/or military groups) in the natural

ecology have been limited by the lack of control which canbe_exercised

for the purposes manipulating critical experimental variables. On the

other hand, laboratory situations which offer the opp-Ortunity for required

experimental- manipulations have seldom provided for extended residential

intervals of observation and objective recording under realistic and..

naturalistic incentive conditions for a broad speCtrUM evaluation of per-

fOtMente effectiveness and morale in small operational groups. The con-

tinuously programmed residential environment approach represents an attempt

to circumvent these evident limitations on organizatienal structure and

leadership research with small groups.
Groups of male and female volunteers recruited frOM_lecal college

Student communities served as experimental subjectS_in these studies. All

subjects received psychometric test evaluation and interview assessment

by a staff psychologist as part of the screening procedure of acceptance

as participants in the experiments. Each subjeCt was fully.informedabout

the research setting and procedures, which inClUded SeVeral daily briefing

sessions in the programmed environment preCeding the Statt of an experiment

to insure familiarization with -the operational features of the laboratory.

Following these briefings; bubefore beginning an experiment; a written

informed consent agreement was signed and exchanged btweenthe subjects

and experimenters. In addition a manual. of ihgtniCti6OS detailing the

experimental procedures andenvironMentaireSOUrteS was provided each

subject for guidance throughout theekperitent. The subjects in experi-

ment I were three males ages- 34;_23, and 21. The subjects in experiment

II were three'females ages 32, 24, and 29.
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In the first experiment, three male subjects lived for 48 conseceitive
aours in a continuously programmed laboratory environment. During their
rS)denCe, the subjects could earn money by performing on'any of Four

,r1 t that were concurren tly available. The Four tasks were: 1) tli)-4

AIluisi Performance Flattery, 2) serial iiiquisition task; 3) lever pulling;
jnd ';) physical exercise. on these _tasks during the odd
hours of the day (e.g., I o'clock, 3 o'clock; 5 o'clbek; etc.) accumulated
in the hank account of the individual_responsible For the earnings; while
moiiies earned during the even hours of the day (e.g. 2; 4; 6, etc. ) con-
trildited to a group bank account in Which each participant held a 1/3
shire. Thus, monies earned by work _performance were deposited to one or
the Other bank acount.--(group or individual) depending upon which hour
of the day the wort: was done. Ar7the-errd-of-Lhe-ex-pe-rinvent; --subj-ects

11I1 the' money in their individual account plus 1/3 of the mchey in
th group account.

In a4lition to earning'monev, subjects could lose some of their earn-
Jug:: ,wcording to the following rule. Two of the work tasks, the Alluisl
program arid the -serial acquisition problem, were presented via a CRT
screon that was displayed continuously during_ the 48 hour period of_the
xperiment. During the last minute of_every hour b ver, the display

was progr:immeC to turn off and the subjects (any o 1 the three) were
required to report this event and thereby reinstate the display. Failure_
to detect and correct the dark screen condition (within one minute) would
result in halving (507 reduction) of the accumulated sum of money in one
or the other bank accounts. Failure for each one minute that a dark (:KT
screen tent unreported at the end of even hours of the day resulted in a
0' reduction of the total amount in the group hank account, while fail

tires to report a dark CRT screen at the end of odd hours the day re-
sulted a 507 reduction (per minute unreported) in the indiVidual.
Avi*Olintti.

Thus sub}ects w, r' required to maintain this 48 hour monitoring of
the CR} displaY in el ,11- to protect their earnings From any loss. Through-
out the .everiment subjects could audit the totals in all batik accounts.

The principal-experimental questions asked in this experiment were:
1) How would the group share the responsibility for maintaining vigil.ance
of theCRT display and thereby avoid any monetary loss? 2) How would
individuals apportion their work effort with respect to individual versus
group earnings?

Experiment 1-1 was identical to Experiment 1 with the single exception
that tile subjects in Experiment TT were three fbmales:
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n r imcm _I ; the th rt...(. 111;11 c' subjects C001)(` rn Led in rtvrintaining rr

cent moons watch of the CRT screen and correctly detected all intrrup-
t fell.: of the Lisk display, Ikereby preventing any monetary lati from eitkor

lin or individuaLhank accounts. This cooperative ef!'ort involv

A rotating schedule of "on ditty" responsibility with each participant

serying a 3-.!# hour on, b-8 hour off cycle.
With respect to earnings however, all LICree male subjects exhibited a

much greater self interest rather than group effort, with each subject
earning much more money for their respective individual bank accounts than
they did tor the group_bank account. This was accomplished by work efforts
bein _disprobertionately distributed in favor of the odd hours of the day.

.Speciticd11y Subject (I) earned S71 for himself versus $36 for the group;

S-1-141-14: .12) $1i5 versus S23, and Sub4ect Cl) $64 versus 530. This sepiara-

t ion of effort was apparent for Subject (2) as early as the first few hours

of flit e >:ptrIsent while for the other two subjects, the significantly great-
er work effort for individual accounts did not emerge until 20-24 hours later.

In Fxperimnt fl. the three female subjects also maintained a continuous
,::att.h Of the CRT screen and correctly reported all interruptions of the_dis-

OlaV. COnsequently, as with the male subjects; no money was ever lost:Frow
either the group or individual bank accounts: The women's on -off, duty cycles

were somewhat shorter however, than the men's with the women averaging 2-3

hours on and 4-6 hours off. With respect to earnings; two of the Female sill-
locus earried approximately equal amounts for the individual and group bank

accounts while tho third female subject from the outset showed the self inter-

eSted earn in; pat -o of the three male subjects. SpeciFically_i Subjei, (1)

earned $40 For ! :
versus $40 for the group !ilbject. (2) $5R versus -: S12,

and c;ithioot (3) i -:-;us $36:

Within each of subjects the followi .fleral rule applied: The

lower the total eaihings (individual + group) Ater was the proportin,

of earnings for the individual account (individual + individual + groly).

In both groups of subjeci.s; morale was high;_interpersona. relationships
pleasant and during 'debriefing. all subjects' comments w, ce uucformly posi-

t-ivz2.:11.; they expressed th-ir enjoyment of the experiment and their feeling

_toc::drd their co-parricipants.
in F:.periment although the men coopera'ed in_maintaintng the avoid-

lic of monetary loss; their work efforts were clearly biased toward their

personal earnings. Rv way of explanation;_ it may be postdlared that by work-

ing for themselves; earning amounts were "guPranteed" wher.!as:work efforIs

for the group were proportionately rewarded only if matched by equal work

effi3rts of the other group members. From an_irrividual's_pointof vi'w, the
relative urcertai- 'v of grc:-1 performance and thereby f_ rlividual contributionE
and shares in the .;_r,1ip rata: can he viewed as one reason far this outcome.

Ft,rthermore, the early emor:ce of self interest.cd performance by one suh
ject can he seen to .conFicm ThIs potental imbalance for the remaining sub-

octs and set the ey.ami-te tor their performance during the ,--emaindr-of the

experiment.



The o It covle of l ;xperi men t I I however, revealed Clint two of three I e:1,

titth 1 ee t s did not wo, SiiIiil IiuiitIv more 10 r their i iv i dun I earn i ngs de-
i t st I IIL ono tetiiiI worked pro pnr ionzitelv even morc., for iirSe1

than did Jov pi the male t-olhie.cts. These (..ata sugt.,ost 'irst: that the sell

interest outcome of this e.:Termirntal situation is not ..nevitable nor doeS
the exampl, set by one individaril necessarily serve as a model for emulation
hv film other particIpants._ Taken together, the data from these experiments
suggest a_senttive procedure I or revealing self interest vs. group oriented
!..h.tvior in arcsidential laboratory setting. oxigoing experIments focusia.'
utt,n su.h variables as sex, persona'litv, ;Ind payoff matrices should clarify
th.. role ,C these vatiableS iii dot-ertiiining the ont-como of those socially
relcymt behavior pi-oceSses.

:\ third (10-da0. experiment i.11 this series has been recently conclip,led,
yid Hie eXperfthentarexurrentiv being analyze -d. 1'reliminory

y11n odt ii ii of 11C however, consistent_ ;IA
I use of i rick,/ lo introduced temperature se I f -rug ul a, ion tnsk, ') a :t;_ible

intersubject synchronization which result,ed'in equal sharing of
opportunities and approximately equivalent dally e[irnings and 3) a

resist.trice to the effects of competitive vs. coopernti\,e incentive condi
t ions when alternatedona "24-hour schedule. The data from these experiments,
suggest that yonformityto a mile depends not only upon the nature of the rule
itself, but also upon its temporal parameters am: the extent to whih these
p:tramet. mat11 or correspond to the temporal size of everyday work and
rest acti, ittes.
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A TASK-BASED FRAMEWORF FOR UNDERSTANDINC,
AND rw; GRoL,. PERFORMANCE

David M. Herold
Ceorgia Institute of Technology

ll,h-kg,round

it 'irw of the relationships between group pn-formbnce and those
male , les usully investigated for their of:ects of performance; (Nieves;

(c,c1 !(-Hck; 1978) concludes with a summar:,, of 12 propositions con-
Lhese relationships. Nine of these propositions are qualified by a

em( nu or lulization that task-type is a likely moderator of the relation-
ship pro.:bsed. This inability-to offer straight-forward propositions -about
ro;-T or contextual characteristics as they affect group performance, without
first ,:counting for task effects, has been repeatedly noted (e.g., Hackma
and Mortis, 1975; Steiner, 1972). It is generally agreed that this task-centered
dilemma is largely the result of the inattention which researchers have shown
towards this critical variable (e.g. Hackman and Morris; 1975; Zaj no 1965).__
jAsks in group research have been hapha:ardly chosen; have been unsystematically
varied across studies making comparisons of findings difficult, or have been
tightly co;trolled. and narrowly specified studies such that we do not
-know the extent to which the effects studied are task-bound (Se:- Hackman;
Brousseau & Weiss; 1976; for a rare exception); This lack of generalizability;
or inomphrshilltrof previous research effort. s has been demonstrated by writers
An have snuwp that seemingly contradictory findings of different_ studies inves-
tHating the same variables or relationships co,id he reconciled if one accounted
fbr task coiterenne!, between these sc.,:ies (e.g., Herold, 1978; Shaw, 1954):

Present Ft' fort

The present research effort builds o' ohserati.,:ns and has as its
major _focus an Attempt to developa_Lar:1( taxonomy w'lich_could_be ncc.dLO: a)

spoeity the types of tasks For which certain relationships hold, b) identify
the process issues (s;aich seem to be related to successful performance of
diffeH.ut fypes of tasks, and c) could serve as a guide in choosing strategies
for .; on group performance by identifying task-contingent process
ass. are likely to be related to group task performance.

_h and Altman (1966)_nota four approaches to task description. Two

of i , "task qua_tas" and "ta as behavior r.H. -ements"_are in

present approach. The task qua task approach has been c.ritized aL being
too open-end-el and not ne:essnrily linkable to group interaction process; How-

ever, as Altman (1966) not this criticism could be overcome tf we first
identify the basic behavior requirements created by and then proceed to

TItify only those dimensi:ils which are_related to_ these.
baylor regai-ments. _Using this approach; Lhe_present_line of work (Herold,
1/81 19;9) has proposed a distinction between the technical and social demands
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made by t !!:kS, With ea,.h of the:4o demand dimensions carving, on a dimension of

Himide%itc sAtisf:ei or dirlicult to ,I;itisfy). Thus we have a

:ouc-celled t...pology, with tasks being socially simple or complex and technically

imple or complex, depending on the process demands Which they impose ,;n the

r.:rlier Attempts At using this typology for making rather clinical assess -

ments task-types have been sncessfnl in reconciling previously contradictory
-_;tudies on the effeCtA=; of different chance strategies on group performance (Herold:

i'17), and li iei nests boon shown to lead to empirically supported_propositions
aHuu the etteets of certain leadership training strategies on the perOriiian;:e

pofori iffe-tsksPleold and ;if, 1977rngA_a__ ): '.:1-et4ing these

effot,-; A!-; dealing With the "task as behavior requirement-"--approach -to-tas-k--

de,=;.ri:;t ind having demonstrated that the presently used dimensions-are

reasonal,1 !o, asessing behavior requirements at a gross or macro leVel, the

Collowin; t. .)!=i Are rrsentiv being implemented to Further these developments:

!) An H-FOrt it being Made lb move to the "t:-;1( qua task" mode by identifying
,:Pecific task attributes which are expect,2c: to rise to the socially

simple or complex and technically simple or complex process demands:

utility of the task typOlOgy is being tested by exdmining the feasibility

Ot -categiiri'Aing actual work-group task; according to the- identified task
Attributes; :tact testing the reliabilitY or consistency of such classification

,iLuin organiations but across individuals.
.

TH.;; to be mamimally useful; will have to be_linked_;:o specific

beAavioral rxi:ectations wnich arc more micro th2- -4mply "social" or "technftal''

process epL:odes. h,:t is we neeJ t i d ti- t i t is that we expecc

the group i4 Id hav to do to SatiSfc ti T lid i . Ated by a specific task

At-: ibut? r example, if solution r. Ji.licity is a relevant task attribute

(lion one Co f observe whether or nog tle group his recognize.! this b'
generAtim. al e..'lluaL-ing multiple alternaives).

Mile tASk !ivpothosiv.ed create "al al... /or technical

ditrieultis which need to be satis'fied in order for a:'fective task
)rformane to take lace; it is Probably safe to assume that other indtviduai;

vroup; variable§ will also be responsible tor creating or modi-

:"ving preCeSS the growl mu!-;t deal with; For example; the_ nature

Of MeMberS' Skills; group norms; and organi%ationnl r.ward systems_cah be

o!:pe(.ted to create or ameliorate sac cal_ technical process difficulties above

And beond what has been :.-e(iet-ed Er the task analysis. Towards this end;

the )regent effort iThice: it dentifying these relevant other cariable
tegether with !-k influences; determine what will a(tually take nlaee

duri process and whether or not this will he ac'equate rdt
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iyaLiOns

If sucyt.fiil, :h above efforts will have both thoretical and applied
these developments will )ooefully allow us to better

undorstand rho role of tanks in research on group performance, to proceed with

research offe..ts are more cumulative and integrative than ti-e present patch-_
wori: of stildies, and to better understand previous research efforts. Another

Htential tI:ecrottcal benefit would be the closer linking of reseicc: on group

iaratcti.Stfts, group performance; and group process.

Iii terms of applications, to the ent that these efforts will be able, to

identiCV t lit sbur:.es and natnce of process difficuitie!-: which possibly inhibit

rium oetiormani:e, they will make possible tests of th effects of group inter-

Vent"Ion ut rategies speci_Eicallychosen or developed `71- the porpbo of.addressiug _

such and/or ,situation. ..v detyrmined process difficulties: Current group

intyrvention sthiti.tes ar. L -gely technique and/or notM-atively7based and their

aCtOSS groon5 performing different tasks has resulted in mixed results

at hest Herold; 1978). It is assumed that task--_-onting,-nt npplIcitions

such strategies will he more successful in improviil task - performance of

;;coups.
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A STU6i OF LEADER BEHAVTff.: EUFECTiVE
ANAGE71ENT OF OR( ANDATTONAL CRISES

Thomas W. Mi; ,urn
Ohio State University.

ABSTRACT

Several questions arise concerning orgainzational crises and their

hundling:

I. What is the nature of crisis in OrgahitatiOnal settings; are taxon-
omies appropriate?
What kinds of responses occur?

i. Which are adaptive or effective responses?
What practical applications are there?

paper reports on research efforts to conceptualize, measure,.and under-
__

stand aspects of crises in organizations- -and to deVelbp hypotheses and in-

sights. The program of researchjncltided 1db-brat-dry and field experimentation;

A questionraire-based survey, and a dozen cases investigated by multiple inter-

views an d observations.

otganixational crises are decision making and - implementing situations.

it is necessary for them to he perceived as crises by'key individuals within

organizations in order to be treated and to as e_rgotlzationl crises;
Organixational crises always involve Sete uogree of stress upon individual::

.,ithin the Organization. StresSfUl situations; whether ef constiaint,

or opportunity_claim adaptational energies from individ-,,i177. in C.-:eirjriter=

actions with their environmentj Humans are maximally adapted to ffecti's-re

internal and external performance within a number or physical and p:ycatlegical
_

oaiTmorot-s; outside cf these, it is more difficult for perSJUS to maintain

.iomeoStasis, and stress symptoms develop. StiL38 May from various physi-

e;11 conditions (temperature too high, tetporaturc too loT,.; ._pc muca UT trso

tittle noise_or light or other stimulation) and from psychological

(threats of loss or danger, action demands-.especially ones with deallneS.
nr unpredictability, and lack of control). The effects of stressors

additivelyover situations and time (HolMeS & Ralie, 1967) . Oldcrper-:

sons Show similar sympatnetic_nervoas system responses (fight-flight) ex-

tensive cLains-of hormonal and other responses, as do younger ones; but s':Iower

decline !a bloo;ro,-sure, pulse rate, etc. after the stressors are no longer

rresent 1979). 1,hdiViduals show large di_lerences in their_percepoos
Of ;:t-; ant severityo 1'y(:?f t-he stressful conditions they-Face. t:?

A persons are very t-,me-sensitive -responsive, and stress themselVOS and

6C.ers cinder conditions in chey 7erceive time pressure.
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Our research investigations have led us to a new _definition of crisis;
namely, that an organizational crisis is a situation (a threat or_opportunity)
in Ivin c; a high probability of significant loss to the organization; and where
thcr, i :),rcoived time pressure to resolve it. 'Somewhat to our surprise it
is not so much unexpectedness or surprise per se that exacerbate crises but
rather a Incl. articulated plans; or practice-based relevant skills and
ACS 10 noc(.s!-;;Iry res(o _Time pressure_appears_to intensify crises.

cries produce chains of individual crises_ as managers, sometimes
jii.dvertcitly, stress their subordinates. Crises to which we attended
haVe very Often, though net always, worsened as 'n functiin of. Cup .Management
need.: to_centralize contl,A1 and to leave out middle-level m-Hgers and experts
iriii the information these people could have provided. may differ as a
function of Alether_the crises are seen as emerging Iron' e or inside the
oraniatioii. Putside threats are more readily managed ..cernal ones, and
may lead to increased organization-1 cohesiveness if the, .ised to mobilizo
efforts inside and to give additiynt meaning to the tasks empl.ayees pe-form.
Internjl threats may fragment parts or levels of en organization and may leae.
10 : residue of ill will and conflict:

In the only. instance-in which we copld observe two crises simultaneously
in the same.organizatina there was a loss to part of the organization - -a
complete elian0 it. the top management team, actually--that appeared and stil
appears to have 1),-,nn quite preventanle except that the. attention of the leader-
ship was focused nn an opportunity; going public and being able to make an
important merger: As a result-. ,:ecessary efforts to acquire financial and
poll.ial all'es were net taken in time to prevent the take -over.;

A degree of detachment would appear to he invaluable in dealing with
crises whether his comes from good nlanning; from hay.':ng at; emergency role;
from being a slightly less involved (a':d certainly less threatened) expert;.
or from the emotional inoculation of having faced ancl mPstered some past
crises (tents F. Mann; 197'); ideally ratbendiFf.21ent or even FArnuLate,J1 past.
crises; Manage-L.; who have created cri:Iis situations for others _in the'org-
anization by the demands they make may feel detached: Virtually all th--,sc .

ih a %.eiriety of organizations who worked in crisis situations but found them
sel.,es detached or distanced from the danger; or yho felt themseixes in con-
rol of the situation reported their crisis exieriences to be exciting;

pleasurable. ehilaraing; and meaningful. Moreover; they were most likely
to report themselves pod to be described by others es perforring effectively
dnrinn the ,risis.

92



Planning and past experience would seem mostusefulpreparation for
crisis performance. Past experience perhaps could include experience in
simulated crises in which task demands, threats of appraisal, and tiff..? pres-
are provide use 1. analogs of real-world crisis situations. Simulations

can dram_cicalli; illustrate the importance of not getting caught up in
local worst -cis. ?alyses and definitions of the situation as well as pro-
viding some e with the necessity for planning for access to needed
resources; !lies; Simulations may provide emotional inoculai:ioo,
but they' cL Ae training and experience in appropriately monfroring
'..he events tuations;

There . )t her '.:ays of thinking abou:: dealing with organizational
crises in efi,- iv days. Surely not the worst of these is frequently the
military w.-iv; cleaning out management: Such action has most often taken
place during the first six weeks after the United States has gotten into a
major war in which the costs and potential costs of errors could influence
victory. Some kinds of mistakes one does rot want to see made twice. Ms-
tn,kers do not occur merely out of c;arelesF:ness or incompetence; of coursei-
but because some persons are simply less effect in stressful situations
!Lich as organizational crises. Not only striving rigid people; but parric-
ulailv defensive on3s, anxious onus; self critical ones with low self-euteem;
and often angry ones, Dr ones who respond hyperbolically; appear less effec-
tive in crises. Fiedler and his colleagues (7=)813) have observed, ex-
periPnce Appears m,,re asefv1 than intelligence for dealing with crisis' situa-
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DECISIONS AIMUT CAUSES OF POUR PERFORMANCE

Terence R. Mitchell
University of Washington

happens When a manager or supervisor observes or is informed of a
subordinate's performance? That is, given that the leader has knowledge
of the problem how does he or she proceed to remedy it?

The literature (up until recently) related to this question has been
rather sparse and tends to be of a descriptive or personal experience nature.
There -;(.,ums to he agreement that certain violations demand an 4.mmediate and
punitive response. Fear example, theft, falsification of fighting
r,primands, probation and/or tormination.1In many ra!zes ths reponse is_
dictated 1w company policy and the supervisor really vc; , -:ttle discre-
tion over what happens.

However, most cases are not so clear cut. What; ilf,ually happens is that a
subordinate misses a deadline; is tardy or absent occasionally; does not work
overtime when needed, engages in horseplay, does sloppy work or some other less
extreme violation of expected behavior, The task of the supervisor or manager
is more complex in these settings; simply because there are few clear'pre-
scriptions or rules about how to proceed;

Probably the first thing that happens in cases for which no clear policy
exists is that the supervisor tries to determine why the behavior occurred.
In trying to ascertain the cause of the poor performance; the supervisor may
solicit information from a variety of sources including the subordinate in
question. After tas information is gatheked; it musr be processed, sarced,
and evalu::ted and eventually some sort of reason or reasons are judged to be
the contri!:uting factors. For example, the poOr performance might_ be due to
a low skill level, a lack of motivation, poor instructions or insufficient
support services. This process is called the attribution phase.

After the cause is determined; the supervisor will wally select some
course of action that f it-s the believed cause. So; for e,:ample, if the sub-
ordinate's poor performance is step as being caused by low motivation, the_
supervisor might engage in a_formal discipli-e procedure and verbally reprt-
nand the_employee. If, on the other hand, the reason is_seen as insufficient
information or support,_the supervisor might institute changes in the work
setting and if anility is_seen,as the_cause, training might he appropriate.

a_There are two_key points about the process described which need to
be highlighted. First, it is a two stage peote. There is=; an attribe
phase where the supervisor determines_rhe cause of poor performance, al
is a decision phase where a response is selected from aset of alternat;
Second, we must recognize that this process ,-!ntails active informaticT pr
cessing on the part of the supervisor. Therefore, simply ving good perfor-
mance appraisal instrument or prescribed disciplinarvprocedures is not.
enough. In order to understand what is happenin:2, a!Id how poor performance can
be handled more effectively, we understand this evaluatioi process more
stilly:
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A Model of Diagnosing and Responding to Poor Performance

The model which is presented in the symposium is designed to represent

;he stage process described' above. For both of these- stages there are
soMe rational factors and some.biases that affect the leader's _judgments.

There are three information dimensions which help the leader decid.
between an ,internal cause (e.g., effort or ability) and an external cac.s;
(e.g., difficult task, had luck). Ditinctiveness r&fge<s to the extert
to which a subordinate has pe'rformed poorly on-other tasks._ The less
distinctive; the more likely an external-attribution. Colasistency-

refers to the extent to which performance has been poor beEoic on this parti-
Olar taSk. The more consistency, the more internal the attribution. Finally;

consensus refers to the extent to which other subordinates perform poorly_at
this task. ;he lower the consensus; the mcre'internal the attribution. For

e_implo,_a subordinate who has done well on other tasks (high distinctiveness);
e well on the.particular task in the past (low consistency); and has co-

worl,ers who also have difficulty with the task (high consensus) is likely to
receive an external attribution.

Besides these rational informational cues there are lots of other factors
that influence the attribution, and many of these factors introduce bias into
thelprocess. First and probably most important is the actor/observer bias_.
It has been well documented that people think their own behavior *.ends to be

caused by external forces but that the behavior of others is caused by inter-
nal factors. Thehehn,ior of sameoneelse is salient to the outside observer;
,h6titis the environment which is salient to the actor; SO; a subordinate
(actor) expla.ning tho causes of his or her behavior is likely to see it PS
caused by external. events while the supervisor (Observer) is likely to see
it as_caused by internaldispositional factors.

Coupled with the actor/observer error are some self sereing biases. _In
general people tend to attribute successes to themselves and failures_to forces
beyond their control. When we combine two biases, we can see that in

cases of poor performance it_is_very likely Laat supervisors will see the

causc5 as internal to the subordinate, while the subordilate will see the

cause as external events. This difference in attributions is likely to lead to

conflict; disagreement and hard feelings.
There are some_other .sources -of errorin this attribution phase. Anything

that increases' the distance (psychologically and physically) between the super-

visor and the subordinate is likely to increase actor /observer and self serving

experience he or she has with the subordinate'sjot; and the more power the leader
has; the more the supervisor is likely to make internal attributions for poor

performance.
The second link in the model is the decision phase--the leader_ must select'

a response: ObviOnsIy; tf an internal attribution-has been_made;_the response
is likely to be directed_at the subordinate (e.g., reprimand, training) and if

an external attrihutionlis made, a response directed at the task will be more

appropriate (e.g., provide more support; change the task). Again; there are

some rational and less rational factors that affect this response.

On the rational s:.cle is_the_fact that:,suipervisors-at this point-usually
:engage in some sort of cost/benefit analysis. That is, they weigh the pros

and cons or various responses. They consider such factors As what is the prob-

ability of n given response (1),,changing the subordinate's behayiori_(2)
having z positive or negative impact on other emplcyeesi (";)_making tilesuper-

visor feel good; (4,) adhering to compowypolicy and so on. These are clearly

important inputs to the decision.
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But, again; there are some less obvious factors that seem to enter in.

For example; there is now considerable_ evidence that the consequences of the

poor performance affects the response by the supervisor: If the missed dead-

line for the-'financial report results in a lost contract; the supervisor is

.much more likely_tO be personal and punitive than if nothing negative_ occurs.

In many_case8, the subordinate may have no control over the outcome, but yet

he or she is treated much more severely when something negative happens that

when nothing negative happens.
Another source of bias in the response phase is likely to come froM the

subordinate in the form of apologies, eXtuses and external explanations. Even

though the supervisor has_accurately diagnosed that a subordinate performed

poorly because of loW motivation, he Or she is much less likely to be punitive

and_sevcre if the SUL-Ordinate apologizes and promises it will never_happen .

again. It is simply hard for, a manager to be severe and punitive with someone

who admits their mistake;
If one summarizes the implications of what goes_on in the twophases we

have described; the folloWing conclusion§ emerge. First, supervisors are

likely to see the poor perforffiened Of Subordinates as internally caused.

Second; there is likely tb_be diSagreement about that attribution. Third;

there are forces alOng with the internal attribution (suchas outcome know-

ledge_and ease of use) which will push the supervisor towards a personal,

punitive response. However; apologies and social or organizational constraints

may make it difficult to actually utilize such responses. Thus we are faced

with a situation where a supervisor; first of all, may unknowingly make some

errors of judgment about the taUgeg_Of poot performance; and then' secondly feel

frustrated because of certain social or organizational pohibitions about what

he or she feels should be done.
One_final point needs to be mentioned; There area times when_the above

process is not used More specifically;- there are certain situations where___

there exists either a personal or organizational policy to deal with poor per-

formance (e.g.; three unexcused absences_in month requires_a written repri-

mand); Under these conditions; the attributibtal process may not be active.

Some"'Empirical Res Uit-PS-Upp-brt_ine_the Model

We have conducted a few studies over the last feW yearg_that were designed

to test a number of propositions of the model.- Whip a detailed description

and review of this research_is available elgeWhere, a short summary of what

we have done should be hel0fUl.
So far, we have_beeh able to demonstrate that (I) Workerado_attribute

success to internal factors and failure to external factors. ( 2) That dis--

tinctiveness, consistency and consenses affect attributions in the manner

preditted. (3) That internal attributions result in more personal and punitiVe

responses directed at the subordinate. (4) That;_negatiVe or severe outcomes

increase the chances that negative responses will be directed at the subor-

dinate.
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Thereare a number of implications of.this type of.model for both theory
and practice. But perhaps the most important point to recognize is that the
supervisor is an active processor of information and that a i-41ible variety Of
both relevant (e-.g., 06§t performance) and non-relevant (e.g., SiMildritY) cues
affect his or her .judgment about a subordinate. A better understanding of
this Process and its inherent biaSeS should lead to a training program to
increases the effectiveness of such SUP-et-visor judgments.
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ISSUES AND TRENDS

Paul A; (jade

Four of the papers selected for presentation at this r..olloquium were con
corned with issues so timely for the needs of the Army that a special
session entitled "Issues and Trends". was established for their. presentation.
These papers dealt with topics that are of interest not only to Army
managers and leaders but to civilian managers and organizations as well.

Colonel Waiter Adkins' paper presents a somewhat traditional approach
to measuring innovation in organizations that is applied to the unique
characteristics of the military research organizations. Walter is
using this research as part of his dissertation.

Tn contrast to the more traditional approach_used by Colonel Adkins,
Dr. Davis' paper suggests that we -ought to consider measuring innovation
in organizations in new ways. Bob's paper represents_a small portion
of his soon to be completed book entitled "Organization Innovation and
Renewal."

Dr. Fiedler's paper suggests new_concepts about managerial effeCtivoness
and new methods for improving the ability -of managers_to use their cogni-
tive resources. Fred'S paper is another in a continuing series of papers and
articles in which he has contributed to our theoretical and empirical
knowledge about what variables are important to leadership and Management
in organizations.

Dr. Moskos views the U.S. Army as an emerging organization which has
incorporated attributes of both institutional and occupational organizational
modelS. Charlie's paper contrasts a sociological view of the all volunteer
Army with the economistic paradigm that is traditionally used by researchers.

All the papers presented in this session represent issues that are
currently Of great concern to the U.S. Army. They also represent theoretical
and methodological trends for future avenues of research;
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ORGANIZATIONAL TOLERANCE OF INNOVATION:
A COMPARATIVE STUDY OF MILITARY ORGANIZATIONS

Walter R. Adkins
University of. Alabama

This on-going study addresses the impact of organizational structure
'on creativity and innovation within research and development organizations
in a military environment. The central hypothesis holds that the more
monocratic the organization the less tolerance for_creativity and innovation.
A number of sub-hypotheses are being_used to establish relationships
between creativity and Innovation and structural variables_such_as_
centralization; size; and formalization. Indications of the validity of.
the hypotheses will be developed by a comparisOn to three types of U.S.
Army organizations- designed -for research and development work. The
specifiC purpose of this effort is to develop knowledge useful for
improving the capability for creativity and innovation within military
organizations.

The greatest interest shown by- scholars -in organizational creativity
and innovation attest to the significance of the subject, but there is
considerable disagreement in the literature as to how the process works
or how the organizational_environment impacts on the process. There is
much agreement that variables such as organizational slack, freedom to
fail, job security, centralization, formalization, level of conflict,
and level of production orientation impact on innovation, but there is
little agreement as to the relative weights which should be assigned to
the various factors. Very little olf the literature addresses the creativity
and innovation problem in organizations which are now, and probably must
remain, production oriented and monocratic. v

Concepts which were found to be common to much of the literature
were used as the foundation of the theory of this study; Modifications
to insure fit to the military environment were based on exploratory
considerations drawn from military experience; The theoretical statement
developed for the study holds that' organizations which are production
oriented, centralized; and hierarc ically controlled make for poor
innovation: Further; military organizations because of their unique
mission which forces them to be production oriented 'to a high degree;_
will probabIr.continue to be centralized and hierarchically controlled.
The large; monocratic organizations in the military establishment must
rely on separate non-monocratic sub-unitsspecifically designed for
innovation activities - -to increase their tolerance for creativity and
innovation; Additionally; a sub-unit designed to encourage creativity
and innovation will tend to increase in effectiveness as the administration
separation between it and the parent organization increases.
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The study design used in gathering and analyzing the empirical data
needed to test the theory was built around the fact that organizational
levels of creativity and innovation are extremely difficult to measure.
In this work; a panel of experts was used to'develop three categories of
Army sub-units classified according to their relative potential for
creativity and innovation. U.S. Army research sub-units which are
structured like the three type organizations described by the experts
were selected for detailed examination. The supervisors of the selected
sub-units were.interviewed by the researcher and all action officers
were asked to complete a questionnaire. Records and reports of the'
organization were also examined as a part of the effort to develop a -
clear picture of the characteristics of the sub-unit. The resulting
data is being analyzed to develop three indicators of- the weight of each
dependent variable in each sub-unit. The first of these is being developed
from the perceptions of_the action officers as reflected in the_responses
to the questionnaire. One supporting indicator is being drawn from the
interviews of the supervisors, and another from the records and reports.
The indicators of all sub7units in a type class are-then averaged to
arrive at_three separate indices (perception of actionofficers,'_perceptions
ot supervisors, and records and reports) for each of the three classes
of organizations in the typology._ The results of this analysis will
allow us to associate the level of creativity and innovation of a type
of sub-unit with a level of a characteristic shown by that type organization.
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EFFECTIVE USE OF MANAGERIAL ABILITY AND
KNOWLEDGE -- BEYOND SELECTION AND TRAINING

Fred E. Fiedler
University of Washington

Personnel psychology historically interprets its major mission as
the development of tests and measures which predict job performance; as
well as to enhance such skills and knowledge by training; However; the
field has yot to address the equally important problem of identifying
the working conditions which enable individuals to utilize these "cognitive
resources." This issue is here discussed in the context of military
leadership;

Selection and training methods basically assume that individuals use
the abilities and knowledge they bring to the job. Hence; the more
task-relevant ability; skills; and knowledge they have; the better we
expect them to perform. However; the predictive validities of most
:ability tests have been very low. A review by Schmidt; Hunter; and
Pearlman (1980); based on 1917 studies of 226,866 employees; reports
median validities of .19 to .26. Likewise; median correlations_between
leader intelligence and,performance have been between .22 and .28 (Stodgill;
1974). Other measures fare even worse. ThUsi 13 studies corr,l_ating
leadership performance with years of leadership experience yielded a_
median of .12 (Fiedler; 1970). ThiS finding is all the more_astounding
when we consider that nearly every employment application asks about
previous work experience.

One reason for these low correlations of performance with abilities
and experience_ might well be that people cannot_always_use_ what is in
their heads._Who has_not, on occasion, had a job_in which could not
function at his usual level, or been in a situation which supported
Shakespeare's dictum, "Where ignorance is bliss, folly to be wise?"
1.!hat, then, are some of the specific conditions which affect an individual's
use of his intelligenCe and of the knowledge which experience or training
provide?

Interpersonal stress is clearly one important factor affecting the
Utilization of these cognitive resources. Stress generally narrows the
individual's intellectual focus; increases rigidity in thinking; and
reduces the creativity (e.g., Lazarus; 1966); We also know from studies
of social facilitation (Zajonc; 1965; Berkum; 1964) that the stress of
being critically.. evaluated tends to increase performance on simple and
overlearned tasks; but reduces performance on newly-learned and complex
tasks: Since experience generally enables an individual to develop and
overlearn routine solutions; we would expect that experience improves
performance under stressful conditions; while intelligence4improves
performance under conditions of low interpersonal stress. Such other
factors as leadership style and task structure also affect the use of
abilities and experience. This paper focuses primarily on the effects
of interpersonal stress.
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A number of our studies throw new light on the conditions under
which military leaders use their intelligence and experience. The first
study of a recent series (Fiedler and Leister; 1977) was based on 158
infantry squad leaders. Further studies have been on 130 Coast Guard
officers, petty officers; and civilian employees in responsible staff_
positions (Potter and Fiedler; 1980).; and on 45 company commanders_ and_
staff officers from 9 Army battalions (Fiedler;_ Potter, Zais, and Knowlton,
1979). Intelligence was measured with the Army's GTS or the Wonderlic
Scale (1977); experience was defined as time in military service; and__
the measure of stress consisted of a scale on which the leader or staff
officer rated the stress in his relationship with his immediate boss
(SB). Performance was evaluated by superior officers. (Contrary to
expectation; a subordinate's rating of stress with his boss is not
correlated with his boss' rating of the subordinate's performance.)

We divided_each of these samples on the basis of stress with boss
ratings i and then correlated intelligence and performance, and experience
and performance, for_individuals with low, moderate, and_high SB ratings.
The results showed that_leaders used their intelligence but not their
experience when SB was low, and used their experience but not their
intelligence when SB was high._ ( "Use" of intelligence or experience is
inferred from a positive correlation between performance and IQ or
experience.) Even more importantly, perhaps, Coast Guard staff as well
as battalion staff officers misused their intelligence under high SB;
that_is, intelligence correlated negatively with performance under these
conditions.

A replication by Borden (1980), based on 438 officers andNC0sof 9
infantry battalions, yielded identical findings on leaders. HoweVer;
staff officer intelligence was uncorrelated, rather than negatively
correlated, with performance under high SB;

That stress inhibits the use of intelligence and creativity was
shown by an earlier laboratory study of ROTC teams which were randomly
assigned to experimentany'induced stress conditions; This study indicated
the the leader's creativity scores correlated positively with the group's
performance under low stress; but negatively in the high stress condition
(Meuwese and Fiedler; 1964). Taken together; our research strongly
suggests that the leader's use of cognitive rescurces depends in large
measure on organizational factors rather. than his own job motivation.
The performance of managerial personnel--and perhaps also non-managerial
personnel -- should; therefore, be substantially improved by developing
conditions which facilitate rather than inhibit the utilization, of task-
relevant intellectual abilities and knowledge.

Several possible methods for promoting the more.effective utilization
of cognitive resources suggest themselves. Reducing the vulnerability
of key individuals to interpersonal stress by appropriate stress_ management
training may be one way. Individuals in higher management_ positions
could also be trained to relate_in a way which_iS more_conducive to the
fuller use of their subordinate's abilities and knowledge, or to assign
them to tasks in which they can use their abilities more effectively.
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Most promising; perhaps, is training which teaches the leader to
oi;iich Ii OW11 leadership situation to his leadership style. This approach;

cal Led LEADER MATCH (Fiedler; Chemers; and Mahar; 1976); has now been
successfully tested in civilian; as well as military; settings. _Validation

studies have included experienced and inexperienced officers, cadetS;
and NCOs at various levels (Fiedler and Mahar; d979). Research indiCate§
that loaders can quickly ].earn to make changes in their leadership
situation, which result in the more effective use of the leader's abilitieS
and knowledge.

Organizational psychologists clearly need_to think beyond SeleCtiOn
ntld training. The major challenge which now faces us is the effeCtiVe
use of the brain power an organization is able to attract.
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SOCIAL AND PSYCHOLOGICAL VARIABLES
IN ORGANIZATIONAL INNOVATION

Robert H. Davis
Michigan State University

Tndividuals and organizations do not alt4aya adopt innovations when
it is in their best interest Lb do so, and they sometimes perversely abandon

succeSsfUl innovations: This presentation examines some of the variables
that have been suggested to account for these paradoxical observations._
The focus is on organizational innovations; but the remarks are generalizable

to the case of individuals.

The term_ innovation has_been used in different ways;resultinv,in
two quite different research perspectives: (1) regression analyses of
innovative products and organizational characteristics; and (2) case
StUdieS of the process of innovation; Sociologists; economists;_and
political scientists have devoted a great deal of energy to the fitat of

these two approaches. Using multiple regression analyses, they have
attempted to relate many different organiZatien characteristics, such as

size; differentiation, debenttaliZatiOn, slack resources; etc; to innovativeness

of organizations. The effortis analogous to the work of trait theorists
in psychOley_Whe use similar methods; in an effort to relate various
traits (behavior classifications) to one another and to other behaviors.

Recently; a number of investigators; notably Downs and Meht (1971), have

expressed the opinion that the results of these studies are too inconsistent

to allow valid generalizations and some haVe urged that we shift to a

more process oriented approach -(Yin, 1978). Numerous factors have been
identified that might account fbt such inconsistencies; most.of which

are methodological and conceptual;

means
_

The second approach is to focus on process; which means looking at

innovations within organizations over time In contrast_te the approach
described above; this one involves the observatien of critical behaviors
and incidents in OrganizatiehS ea they conceive of new ways of behaving

or new products, techniques, etc.; consider them; tailor them to meet
their- special needS; adopt, implement; and use them; While it is theoretically

feaSible to observe such behaviors without the benefit of_some:citganiZing

framework, the behaviors and Incidents will not be boundedin space and

time, and hence; will be difficult_to observe systematically. There

will always be an element of unpredictability abbilt the timing of decisions

in organizations and_Of Other events which moats that a pure ethnographic

approach would be quite expensive and perhaps not very productive. The

more_commonly recommended case study approach has similar disadvaulageS,

in that it is also expensive and generalization is difficult._ That I

propose to do here is describe a model for observing_pteCeSS in organizations

that enables one to collect systematie data abbUt behaviors and incidents

that affect innovation.
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The model Which I will describe assumes that each innovation application
is specific to both the organization in Which it is to be implemented
And to the type of innovation involved. SpecifiCally, I assume that the
success or_failure of a given innovation depends upon whether or not
certain salient behaviora or incidents occur within a particular setting
at appropriate stages in the innovation process. In other words; to
predict success or failure of an innovation, we need to know whether
certain behaviors did or did not occur.

The model, which I am- proposing; postulates that there are four
factors which differentially affect fOur stages in the innovation process;
and these in turn determine the success or failUre of an innovation;
including its durability, which is one of the most important measures of
success. The four factOrs are: (1) innovator motivation; (2) innovator
activities; (3) innovation characteristics; and (4) organizational support.

Next; I assume that the process of innovation unfoldS in stages, of
which there are four: 0) consideration; (2) tailoring; (3) implementation;
and (4) continuation. For an innovation to be adopted; each of these
four stages must be negotiated or completed successfully. The_four
factors described above contribute to thesucteSS or failiire of the
inncvation at each of these stages; but they contribute differentially.

The model may be visualized as a flow path diagram._ The basic data
are provided by behaviors and incidents, which may be_Obtained by.direct
observation or by questionnaire; these behaviors and incidents. are the
only exogenous variables in the model._ The behaviors and incidents may
not be equally weighted and may contribUte differentially to the factors;
Furthermore; the factorsmaynot be equally salient at differett stages
in the process. Thus; organizational support may not be very important
in the early stages,_when a potential innovator is merely considering an
innovation for the first time, but may be extremely important when he or
she attempts to implement it. Coarly, thiS MOdel. can be Stated_in the
form of a relatively simple equation which weights and sums the behaviors/incidents.
to obtain a factor score; then weights the factors for importance At
different stages and sums them to obtain a single score that predicts
success or failure of an innovation.

We have conducted one_study at Michigan State in an effort to validate
this model of the innovation proceSs. This study is now being prepared
for publication. The study looked at a Specific class of innovation
audio-visual independent study carrels.; used by various fatillty in the
university, After computing a prediction of success; we then correlated
this with the faculty's assessment of overall success to student learning;
attitudes; etc. The, correlations are, in general; highly significant
between success scores using the model and theSe computed fetthese
other criteria,but some of the sophistIcations in the model did not
signficantly enhance our ability to_predict over a simple knowledge of
whether or not faculty engaged in the critical behaviors identified.

108



r have suggested that four sets of faetors may account fol success
or failure; Beyond noting that associated with each of these lcters,

there are assumed to he unique behaviors and incidents; I have s,id nothing
about how these factors operate: Actually much of the literature From
psychology converge on this problem. Thus; with respect to the factor
innovator motivation; numerous issues arise: cognitive dissonance,
expectancies; risk taking behavior; etc.

Both of the approaches described in this paper are potentially_
important. Knowledge about how organizational (structural) variables
affect innovation would be.useful particularly for_poliey formulation
and design of organizations. But we must also_look within organizations
nt specific decisions and behaviors-because a knouledge of_process may
enable us to influence adoption and diffusion in organizations in cases
where it is impractical to restructure them.

REFERENCES

Downs; G.W. & Mohr, L.B. Conceptual issues .in the study o
i\dministrative Science Quarterly, 1976 , 21, 700-714.

Yin; R.K. Organization innovation: a psychologist's view.
Radnor, Irwin Feller, and Everett Rogers_ (eds.) T

Innovation: An Assessment. EVanStet, IL: Northwestern University,
1978.

innovation.

In Michael
f

109 107



..,CONCEPTS AND. METHODS IN THE STUDY OF THE A117VOLUNTR ARMY

Charles C. Moskos; Jr.
NorthWestern University

Institutional and Occupational Models of---theA1-1---Voluateer- Army

_My earlier research advanced the hypothesis that the American Army was
moving away from an institutional format to one more and more resembling
that of an occupation: To describe the armed Forces as either an institution
or an occupation is; of course; to do an injustice -to reality. Both'

elements have and always will be present in_the military_systeM. There

was also a recognition that countervailing forces were always in effect;
But S.he concern was to grasp the whole, to place the salient fact.

This is all to say that the institution/occupation dichotomy can
serve as a framework, a sensitizing hypothesis; by which the researcher

could order data; The essential differences between the two models can
be summarized in Table 1.

TABLE 1

CoMparison of Institutional and Occupational
:Models of the Army

Variable Institutional Model OccupationalmMode

Legitimacy public service; values- -
duty, honor, country

marketplace economy; 'indi-
vidual self-interest

Role total commitment to segmental commitment to

<Characteristics organization organization

Compensation

Residence

Legal
Jurisdiction

Spouse

Societal Regard

much in_non-cash form or salary system; -cash-work

deferred entitlements; pay nexus; pay directly re-
- partly determined,by need lated to skill level

adjacency of work and separation -of work and

residence"locales residence locales

broad purview over narrow purview over
military member military member

integral part of military removed from military
community community

esteem based on notion . prestige based upon level

of sacrifice of compensation
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The end of conscription and the perceived "erosion of benefits" .

symbolized for many a shift in the organizational basis of the military.
My present understanding of the institution /occupation model is under-
going reformulation; however._ It is problematic whether the volunteer
concept per se is intrinsically_ linked to_an occupational orientation.
It would be more productive to discern and examine the ways in which
institutional and occupational modes coexist and intermesh within the
armed forces; MY present conception is that there is an emergent form
of organization heterogeneity and structural. differentiation within the
military system. In turn; delineation of institutional and occupational
modes_are to be related to military efcicier. yi recruitment and retention;
social composition, and the armed forces in the larger societal context.

Research Strategies

A distinction in basid research is that between deductive and inductive
research. In somewhat overstated terms;' deduCtive research entails
formally stated hypotheses from which apprOpriate measures and instruments
are derived; inductive research develops hypotheses from empirically
based observations. Both styles of research are necessary for a cumulative
science.

. Beyond issues of research premises, there are alpo questions of
methodology; The array of methods available to the social researcher
are legion. Yet in most instances of social res-darcii; one method is
selected to the exclusion of other alternatives.- This state of affairs
has long characterized the hoary debate between "hard" and "soft" methodologists.
But rather than viewing the opposing positions as irreconcilable, advanced
methodologists now argue for the utility of a multi-method approach in
social research; Such a position seems especially suitable for research
on the All-Volunteer Army; A multi-method approach can best identify
the interrelationships between societal trends; organizational factors;
small-group processes; and individual behavior.

My research intends to be both deductive and inductive as well as
multi-method; The institution/occupation formulation by directing
attention to data categories illustrates the deductive approach; At the
same time; my research_ mploys the inductive style; Thus; for example;
.my ARI-sponsored research was the first to uncover: (1) among non-prior
service (NPS) male accessions:_black_educational_attainment exceeds that_of
white entrants since the end of the -draft (this finding ran counter to virtually
all thinking on the social composition of the All-Volunteer Army); (2) the
marital composition of junior enlisted personnel has increased significantly
under the all-volunteer format (this was an unanticipated outcome of the
all-volunteer force); More recently; my field observations point to an
overlooked disjuncture in military and civilian comparisons of the
movement of women into "non-traditional tasks" (itself a term needing
clarification). Unlike most civilian pursuits; military women do not
receive higher compensation, for performing non-traditional tasks.
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A capsule liStihg of the data collection methods to be employed in
the intended research includes: (1) analysis of longitudinal survey
data of military personnel; (2) non-survey statistical data; 6,g;; social
background of_service personnel; census information; (3) participant
observations' in military units in various locales; and (4) comparative
materials derived from the Navy; Air Force; Marine Corps; military
systeMs in other NATOcountries; and non-military organizations

C :AI. heAli- Volunteer Force

Two opposing paradigms of the AVF present themselves.- One is based
on an economistic promise; It justifies military manpower policies
according to civilian-oriented economic criteria; the labor force marketplace;
equity, "comparability" with private sector employees; and efficient use
of available resources; The other paradigm emphasizes the unique sociological
qdalities and "service" aspects of the military organization. It is

concerned with the social chemistry of unit cohesion; obtaining the
analogue of the. peacetime draftee in the all-volunteer context; institutional
supports for the career force; and citizenship implications of an AVF in

a democratic society.

The economistic paradigm has been dominant in Defense Department
analyses and supported by generous research funds. The sociological
paradigm has been articulated by a small number of academics with meager

research support. My own research can be viewed as operating from a
framework quite different from that of the prevailing economistic paradigm.
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